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ABSTRACT
B r a in  damage o f t e n  p roduces  im p a i rm e n t  in  t he  a b i l i t y  t o  copy 
d r a w i n g s .  The aim o f  th e  p r e s e n t  s t u d y  was t o  a n a l y s e  in  d e t a i l  the  
n a t u r e  o f  t h i s  g r a p h i c a l  c o p y in g  d i s a b i l i t y .  To t h i s  end a group o f  
n e u r o s u r g i c a l  p a t i e n t s  w i t h  u n i l a t e r a l  c e r e b r a l  hem isphere  l e s i o n s  
and a group  o f  c o n t r o l  s u b j e c t s  w i t h  no h i s t o r y  o f  c e n t r a l  ne rvous  
sys tem d i s o r d e r  were a d m i n i s t e r e d  a b a t t e r y  o f  t e s t s .  T h i s  b a t t e r y  
com pr ised  ( l )  a c o p y in g  t e s t  (2) t e s t s  o f  v a r i o u s  p e r c e p t u a l ,  motor  
and c o g n i t i v e  a b i l i t i e s  w h ic h  appea red t o  be component s k i l l s  o f  c o p y ­
ing  and (3) a gene ra l  n e u r o p s y c h o l o g i c a l  b a t t e r y  u s in g  s t a n d a r d  c l i n ­
i c a l  t e s t s .  On the  b a s i s  o f  th e  Copy ing t e s t ,  h a l f  o f  t he  b ra in -dam ag ed  
p a t i e n t s  were c l a s s i f i e d  as c o p y in g  d i s a b l e d  ( d e f i n e d  by a pe r fo rm a n c e  
t h a t  was worse than the  w o r s t  c o n t r o l  p e r f o r m a n c e ) .
The c o p y in g  d i s a b l e d  group  showed a number o f  d e f i c i t s  in  
c om par ison  w i t h  th e  b ra in -dam aged  p a t i e n t s  w i t h o u t  c o p y in g  d i s a b i l i t y .  
There was c l e a r  e v id e n c e  t h a t  t he  g roup  e x p e r i e n c e d  d i f f i c u l t y  in  making 
p e r c e p t u a l  d i s c r i m i n a t i o n s .  Not o n l y  was i t  i m p a i r e d  in  p r o c e s s i n g  a 
v a r i e t y  o f  l o c a l  and g l o b a l  t r a n s f o r m a t i o n s  o f  m u l t i p i e - 1 ine  g e o m e t r i c a l  
f i g u r e s ,  i t  a l s o  showed a c l e a r  im pa i rm en t  in  making e l e m e n t a r y - a t t r i b u t e  
d i s c r i m i n a t i o n s .  T h i s  d i f f i c u l t y  i n  d i s c r i m i n a t i n g  between e l e m e n t a r y  
a t t r i b u t e s  was seen f o r  a v a r i e t y  o f  a t t r i b u t e s  i n c l u d i n g  s i z e ,  o r i e n t a ­
t i o n ,  p o s i t i o n ,  a n g le  and d i r e c t i o n .  However ,  t h e r e  was e v id e n c e  o f  an 
even more marked im pa i rm en t  in  p r o c e s s i n g  r e l a t i v e  s i z e .  In a d d i t i o n  
t o  th e s e  p ro b le m s ,  th e  c o p y in g  d i s a b l e d  group showed im p a i r e d  p e r c e p t i o n  
o f  m u l t i p l e  a t t r i b u t e s  (w h ich  c o u ld  be p e r c e i v e d  a d e q u a t e l y  when p r e ­
se n te d  i n d i v i d u a l l y )  and an i n a b i l i t y  t o  e x h a u s t i v e l y  scan s p a t i a l l y  
s e p a r a t e  e le m e n t s .  These d i f f i c u l t i e s  were  t e n t a t i v e l y  i n t e r p r e t e d  as
d e f e c t s  o f  a t t e n t i o n .  F i n a l l y ,  th e  c o p y in g  d i s a b l e d  group showed 
p o o r e r  pe r fo rm ance  than the  n o n - d i s a b l e d  group  on a t e s t  o f  p l a n n i n g  
w h ic h  i n v o l v e d  the  sequen c ing  o f  v e r b a l  i n s t r u c t i o n s .
However , th e  a n a l y s i s  d i d  i n d i c a t e  some a s p e c ts  o f  f u n c t i o n i n g  
w h ic h  were e i t h e r  i n t a c t  o r  d i d  n o t  d i f f e r  f r om  t h a t  o f  t he  n o n - d i s a b l e d  
g ro u p .  For  i n s t a n c e ,  a l t h o u g h  th e  c o p y in g  d i s a b l e d  group showed c l e a r  
e v id e n c e  o f  a broad r a n g i n g  d i s c r i m i n a t i o n  p ro b le m ,  t he  group was a b le  
t o  make some d i s c r i m i n a t i o n s  w i t h o u t  f a u l t .  In p a r t i c u l a r ,  the  group 
showed no d i f f i c u l t y  in  d i s c r i m i n a t i n g  between two f i g u r e s  d i s t i n g u i s h e d  
by a phenomena l l y  s a l i e n t  f e a t u r e .  F u r t h e r m o r e ,  th e  c o p y i n g  d i s a b l e d  
group was a b le  t o  o r g a n i z e  a f i g u r e  i n t o  i t s  component p a r t s  and to  
i d e n t i f y  c o r r e s p o n d i n g  components o f  t he  model and copy .  In a d d i t i o n ,  
t he  g ro s s  s t r a t e g i e s  employed in  s c a n n in g  a v i s u a l  a r r a y  were no t  
d i f f e r e n t  vo r  t he  d i s a b l e d  and n o n - d i s a b l e d  g r o u p s .  Not o n l y  were t h e r e  
no d i f f e r e n c e s  in  s c a n n in g  s t r a t e g i e s  in  p e r c e p t i o n ,  b u t  an a n a l y s i s  o f  
t he  c o p y in g  b e h a v i o u r  i t s e l f  showed t h a t  gene ra l  p r o d u c t i o n  s t r a t e g i e s ,  
as r e f l e c t e d  by t he  o r d e r  and t i m i n g  o f  c o p y in g  a c t s ,  were s i m i l a r  f o r  
t he  d i s a b l e d  and n o n - d i s a b l e d  g r o u p s .  F i n a l l y ,  t h e r e  was no e v id e n c e  
o f  im pa i rm en t  in  t h e  e le m e n t a r y  m oto r  components  o f  th e  c o p y in g  p r o c e s s .  
For  i n s t a n c e ,  a l t h o u g h  th e  c o p y in g  d i s a b l e d  group  d i d  show an im pa i rm en t  
in  t h e  a b i l i t y  t o  copy s i n g l e  a t t r i b u t e s ,  a q u a n t i t a t i v e  a n a l y s i s  r e ­
v e a le d  t h a t  t he  d e f i c i t  c o u ld  be e x p l a i n e d  e n t i r e l y  in terms o f  t he  
p e r c e p t u a l  p ro b le m .  S i m i l a r l y ,  an a n a l y s i s  o f  t h e  d i r e c t i o n  and t i m i n g  
components  o f  s i n g l e - l i n e  c o p y in g  d i d  n o t  i n d i c a t e  any e v id e n c e  o f  a 
p rob lem  a t  t h i s  e l e m e n t a r y  moto r  l e v e l .
A n a l y s i s  o f  i n d i v i d u a l  p r o f i l e s  sugges te d  t h a t  a l t h o u g h  many 
s u b j e c t s  s u f f e r  f r om  th e  p a t t e r n  o f  d e f i c i t s  r e f l e c t e d  by the  group 
r e s u l t s ,  t h e r e  may be more than one t y p e  o f  c o p y i n g  d i s o r d e r .
x i  i i
In p a r t i c u l a r ,  i t  wou l d  appear  t h a t  some p a t i e n t s  e i t h e r  do no t  
e x p e r i e n c e  i mpa i r men t  i n a l l  p e r c e p t u a l  d i s c r i m i n a t i o n  f u n c t i o n s ,  o r  
s u f f e r  f r om an i mpa i r men t  t h a t  i s  d i s p r o p o r t i o n a t e l y  smal l  i n com­
p a r i s o n  w i t h  t h e i r  c o p y i n g  i mp a i r m e n t .  The i m p l i c a t i o n s  o f  t hese 
f i n d i n g s  f o r  t he  q u e s t i o n  o f  l o c a l i z a t i o n  o f  f u n c t i o n  a r e  d i s c u s s e d .
CHAPTER 1
INTRODUCTION
Damage to the c e r e b r a l  hemispheres  in man can lead to  a v a r i e t y  
of  behav i oura l  d i s o r d e r s  i nc l ud i ng  d e f e c t s  o f  l anguage,  memory, p e r ­
c e p t i o n ,  cog n i t i o n  and p e r s o n a l i t y .  One d i s o r d e r  which is common, but  
o f t e n  ev i de n t  only upon the  a d m i n i s t r a t i o n  of  a p p r o p r i a t e  t e s t s ,  i s  a 
d e f e c t  known as c o n s tru c tio n a l apraxia . Co n s t r uc t i o n a l  a p r ax i a  is a 
d i s o r d e r  in c o n s t r u c t i n g  or  drawing two- or  t h r e e - d i me ns i ona l  forms 
e i t h e r  from memory or  from a model.  I t  is  t y p i c a l l y  a s s e s se d  wi th 
t e s t s  o f  puzz l e  c o n s t r u c t i o n ,  two-dimensional  block des i gn ,  
t h r ee -d i me ns i ona l  b lock  assembly or  g r aph i c a l  drawing.  However,  perhaps  
the most commonly employed measure o f  c o n s t r u c t i o n a l  p r ax i s  is the 
a b i l i t y  to copy s imple l i n e  f i g u r e s .  I t  is  wi th g r aph i c a l  copying d i s ­
a b i l i t y  t h a t  t h i s  t h e s i s  is  concerned .
Impaired g r aph i c a l  copying is  i l l u s t r a t e d  by the drawings in 
Figure  1-1.  D r a w i n g s  r e p r e s e n t s  an unsuccess fu l  a t t empt  by a s t r o k e  
p a t i e n t  to copy a s qua r e .  No normal a d u l t  would f a i l  t h i s  t a s k ,  and,  
indeed,  the  t yp i ca l  f i v e  year  o ld  can copy a squa r e .  Drawing _b(i) is 
an a t t emp t  by a p a t i e n t  t o  copy a more compl i ca t ed  f i g u r e  be f o r e  the 
s u r g i c a l  removal of  a r i g h t  hemisphere p a r a s a g i t t a l  meningioma.  This 
drawing i s  in marked c o n t r a s t  to  t h e  p a t i e n t ' s  p o s t - s u r g i c a l  copy of  
the same f i g u r e  (Drawing Jd( u ) ) .  F i n a l l y ,  Drawing _c is  an a t t empt  by a 
p a t i e n t  wi th  a l e f t  hemisphere p o s t e r i o r  l e s i on  to  copy the  s t a r  of
David .
MODEL a. COPY
b ( i ) .  PRE-OPERATIVE COPY
(6 DAYS PRE-OP.)
MODEL
b (ii). POST-OPERATIVE COPY
(6  DAYS POST-OP.)
MODEL c. COPY
Figure 1-1 .  Examples o f  graphical  copying d i s a b i l i t y
3What is  the  na tu re  o f  the u n d e r l y in g  d e f i c i t  o r  d e f i c i t s  which 
produce these i n t r i g u i n g  d i s o r d e r s  o f  copying? The number o f  p o s s i ­
b i l i t i e s  seems end less ,  f o r ,  d e s p i t e  the  s u p e r f i c i a l  s i m p l i c i t y  o f  
copy ing ,  i t  in v o lv e s  a l a rg e  v a r i e t y  o f  p rocesses ,  and a d i s o r d e r  in 
any one o f  them might  lead to  an impa ired  copy.  In o rd e r  t o  gain some 
i n s i g h t  i n t o  the  mechanisms which cou ld  u n d e r l y  copy ing d i s o r d e r s ,  i t  
would be i n s t r u c t i v e  to  understand the  processes which are in vo lved  in 
normal copy ing .  U n f o r t u n a t e l y ,  th e re  are no a v a i l a b l e  t h e o r i e s  nor  
d e t a i l e d  accounts o f  the normal copy ing p rocess .  N e v e r th e le s s ,  the 
f o l l o w i n g  in fo rm a l  a n a l y s i s  serves  to  i l l u s t r a t e  the range o f  processes 
which m ight  be in v o lv ed  in copy ing .  The p o in t s  ra is e d  a re ,  o f  course,  
s p e c u l a t i v e .
(1) In o r d e r  to copy a p a t t e r n ,  the s u b je c t  must i n t e r n a l i z e  
and m a in ta in  the i n t e n t i o n  to  copy the  d e s i re d  f i g u r e .
(2) He must f o r m u la te  a h i e r a r c h y  o f  goa ls  and s t r a t e g i e s  f o r  
a t t a i n i n g  t h a t  end. I f  a s u b je c t  is  unable to  genera te  a p p r o p r i a t e  
g o a ls ,  o r  s t r a t e g i e s  f o r  a t t a i n i n g  these g o a ls ,  he m ig h t ,  f o r  i n s tan c e ,  
a t tem p t  to copy a drawing by e x e c u t in g  a p r e e x i s t i n g  but  i n a p p r o p r i a t e  
g ra p h ic a l  r o u t i n e  wh ich  r e s u l t s  in  a w e l l  drawn but  i n a p p r o p r i a t e  
p ro d u c t .  A l t e r n a t i v e l y ,  he m igh t  a t tem p t  to  copy the drawing using 
the  wrong end o f  h is  pen. Even a t  the  le v e l  o f  copy ing a s im p le  com­
ponent  o f  a f i g u r e ,  the  need f o r  s t r a t e g y  f o r m a t i o n  is  c r i t i c a l .  Thus, 
i f  the subgoal is  t o  copy a s i n g l e  l i n e ,  i t  is  necessary to  dete rm ine  
t h a t  the hand is  in  the  c o r r e c t  p la c e ,  to  ensure t h a t  the p e n c i l  is  
ra ised  be fo re  i t  i s  r e p o s i t i o n e d ,  t h a t  the  pen c i l  is  down b e fo re  a t ­
tem pt ing  to  draw, and t h a t  the  a p p r o p r i a t e  a t t r i b u t e s  o f  the  l i n e  to  
be copied are encoded and programmed.
A(3) A f i g u r e ,  even though i t  may be p e r c e i v e d  as a s i n g l e  
e n t i t y ,  must be c o p ie d  component by component .  A c c o r d i n g l y ,  the  
s u b j e c t ' s  s t r a t e g i e s  must g u id e  th e  d e c o m p o s i t i o n  o f  t he  f i g u r e  i n t o  
e lem en ts  and th e  s c h e d u l i n g  o f  t he  n e c e s s a ry  g r a p h i c a l  a c t s  t o  r e ­
p roduce  each component .
(A) A p r o c e d u r e  f o r  e r r o r  e v a l u a t i o n  and m i n i m i z a t i o n  must be 
i n c o r p o r a t e d  i n t o  th e  s u b j e c t ' s  g e n e ra l  c o p y in g  s t r a t e g y .
(5) T here  must be a c o n s t a n t  i n t e r p l a y  between th e  r e s u l t s  
( o r  a n t i c i p a t e d  r e s u l t s )  o f  p a s t ,  p r e s e n t ,  and in te n d e d  a c t i o n s .  S ince  
i t  i s  u n l i k e l y  t h a t  any b u t  t he  most p r o f i c i e n t  o f  d r a f t s m e n  cou ld  
p roduce  an e x a c t  copy o f  a f i g u r e ,  t he  t a s k  ceases t o  be a p u r e l y  
c o p y in g  p rob lem  w i t h  t h e  f i r s t  s t r o k e .  F o l l o w i n g  an i m p e r f e c t  s t r o k e ,  
subsequen t  l i n e s  must be added in  such a way as t o  p r e s e r v e  the  g lo b a l  
s i m i l a r i t y  o f  the  copy t o  th e  model .  I t  i s  n o t  s u f f i c i e n t  t o  m a i n t a i n  
t he  s i m i l a r i t y  o f  c o r r e s p o n d i n g  component p a r t s .  I f  t he  f i r s t  l i n e  
i s  t o o  l o n g ,  o r  i n c o r r e c t l y  o r i e n t e d ,  i t  may be ne c e s s a ry  t o  m o d i f y  
subsequen t  components o f  the  f i g u r e .  However ,  t he  a p p r o p r i a t e  s t r a t e g y  
f o r  m o d i f y i n g  th e s e  s t r o k e s  w i l l  depend on th e  p a r t i c u l a r  fo rm  o f  the  
mode l .  For  exam p le ,  in  c o p y in g  a r e c t a n g l e ,  i t  i s ,  above a l l ,  neces ­
s a r y  t o  p r e s e r v e  th e  o r t h o g o n a l i t y  o f  a d j o i n i n g  s i d e s ,  w h i l e  in  c o p y in g  
a p a r a l l e l o g r a m  the  r e l a t i v e  o r i e n t a t i o n s  o f  o p p o s i t e  s i d e s  i s  most 
i m p o r t a n t .  Of c o u r s e ,  the  p ro c e s s  o f  p r o d u c i n g  the  o p t i m a l  copy w i l l  
o f t e n  r e q u i r e  a compromise between a number o f  d i f f e r e n t  f a c t o r s .  There 
may be l i t t l e  p o i n t  in  p r e s e r v i n g  one s a l i e n t  a s p e c t  o f  the  fo rm  ( e . g .  
p a r a l l e l n e s s  o f  l i n e s ) ,  i f  i t  w i l l  r e s u l t  in  t h e  c o l l i s i o n  o f  t he  i n ­
tended  l i n e  w i t h  a n o t h e r  a l r e a d y  e x i s t i n g  o r  i n te n d e d  l i n e .  The s u b j e c t  
must t h e r e f o r e  be c a p a b le  o f  g e n e r a t i n g  and s i m u l t a n e o u s l y  e n t e r t a i n i n g  
a number o f  im a g in a r y  p o s s i b i l i t i e s  b e f o r e  s e l e c t i n g  th e  most a p p r o p r i a t e
5o f  them. The o r d e r  in  w h i c h  a s u b j e c t  chooses t o  draw th e  compo­
nen t  p a r t s  o f  a f i g u r e  may e f f e c t  t h e  l i k e l i h o o d  o f  p r o d u c in g  c e r t a i n  
t y pes  o f  e r r o r .  S e l e c t i o n  o f  th e  most a p p r o p r i a t e  d raw ing  sequence a t  
th e  o u t s e t  may reduce th e  c o g n i t i v e  load d u r i n g  th e  a c t u a l  d raw ing  p r o ­
cess .
(6)  Of c o u r s e ,  even the  most adequa te  p l a n n i n g  w i l l  n o t  lead t o  
an a c c u r a t e  copy i f  t h e  s u b j e c t  i s  i n c a p a b l e  o f  p r o c e s s i n g  s t i m u l i  
p e r c e p t u a l l y .  T h i s  p e r c e p t u a l  p r o c e s s i n g  must o c c u r  a t  a number o f  
l e v e l s .  For i n s t a n c e ,  i t  i s  c l e a r l y  n e c e s s a ry  t h a t  th e  s u b j e c t  be 
c a p a b le  o f  f o r m i n g  a g l o b a l  p e r c e p t i o n  o f  t h e  f i g u r e .  A t  t h e  same t i m e ,  
the  s u b j e c t  must a l s o  be c a p a b le  o f  a n a l y s i n g  th e  f i g u r e  i n t o  i t s  
component p a r t s ,  and in  t u r n ,  th e s e  p a r t s  i n t o  t h e i r  componen ts .  In 
t he  r e c o n s t r u c t i o n  o f  t h e  f i g u r e ,  i t  w i l l  be o f  paramount  im po r tance  
t h a t  the  s u b j e c t  can encode an a p p r o p r i a t e  c o m b i n a t i o n  o f  r e l a t i o n ­
s h ip s  between these  p a r t s .  He must a l s o  be a b l e  t o  encode the  a t t r i ­
bu tes  o f  t he  p a r t s ,  such as t h e i r  s i z e ,  o r i e n t a t i o n  and p o s i t i o n .
(7) In a d d i t i o n  t o  p r o c e s s i n g  a c t u a l  s t i m u l i ,  th e  s u b j e c t  must 
be c a p a b le  o f  g e n e r a t i n g  and r e t a i n i n g  " im a g e s "  o f  h y p o t h e t i c a l  con ­
s t r u c t i o n s  (see P o i n t  ( 5 ) ) .
(8) F i n a l l y ,  t he  s u b j e c t  must be c a p a b le  o f  " t r a n s l a t i n g "  an 
i n t e r n a l  r e p r e s e n t a t i o n  o f  an i n t e n d e d  l i n e  i n t o  an a c t i o n  w h ich  w i l l  
produce the  i n te n d e d  e l e m e n t .  T h i s  r e q u i r e s  t he  g e n e r a t i o n  and c o n t r o l  
o f  a complex c o m b i n a t i o n  o f  movements a t  t he  s h o u l d e r ,  e lb o w ,  w r i s t  
and f i n g e r s .
W h i le  t he  p r e c e d i n g  a n a l y s i s  i s  n e i t h e r  com prehens ive  no r  neces ­
s a r i l y  p r e c i s e l y  c o r r e c t ,  i t  does convey  some o f  the  c o m p l e x i t y  o f  the  
cop y in g  t a s k .  I t  s u g g e s ts  t h a t  t h e  r o u t e  t o  a n s w e r in g  the  s e e m in g ly  
s t r a i g h t f o r w a r d  q u e s t i o n  "What i s  t h e  n a t u r e  o f  c o p y in g  d i s a b i l i t y ? "
i s  n e i t h e r  s h o r t  no r  l i n e a r .  D e s p i t e  t h i s ,  i t  i s  the  a im o f  t h i s  
t h e s i s  t o  e x p l o r e  t he  p s y c h o l o g i c a l  f a c t o r s  w h ic h  u n d e r l y  c o p y in g  
d i s a b i 1 i t y .
1.1 THE GENERAL APPROACH
As w i l l  become e v i d e n t  in  the  l i t e r a t u r e  r e v ie w  w h ic h  f o l l o w s  
in C h a p te r  2 ,  the  n a t u r e  o f  c o n s t r u c t i o n a l  d i s a b i l i t y  has been the 
s u b j e c t  o f  many s t u d i e s .  Most o f  t h e s e  s t u d i e s  have been concerned  
w i t h  th e  q u e s t i o n  o f  w h e t h e r  t he  mechanism u n d e r l y i n g  c o n s t r u c t i o n a l  
d e f i c i t  depends upon t h e  hemisphere  o f  the  c a u s a t i v e  l e s i o n .  Gener­
a l l y ,  i t  has been p o s t u l a t e d  t h a t  t h e  r i g h t  hem isphere  c o n s t r u c t i o n a l  
d i f f i c u l t i e s  a re  caused by a " p e r c e p t u a 1" prob lem, w h i l e  l e f t  hemisphere 
d i f f i c u l t i e s  have r e s u l t e d  f r o m  a " p 1a n n i n g " / " c o n c e p t u a 1" / " e x e c u t i v e "  
p ro b le m .  In f a c t ,  i t  w i l l  be seen t h a t  most  s t u d i e s  have c onc lude d  
t h a t  c o n s t r u c t i o n a l  im p a i rm e n t  i s  a s s o c i a t e d  w i t h  p e r c e p t u a l  d i s a b i l i t y  
r e g a r d l e s s  o f  the  s i d e  o f  t h e  l e s i o n ,  w h i l e  v e r y  few have i n v e s t i g a t e d  
the  r o l e  o f  p l a n n i n g  p rob lem s  in  c o n s t r u c t i o n a l  im p a i r m e n t .
S t u d i e s  t o  d a t e  can be c r i t i c i z e d  on a number o f  g ro u n d s .  The 
main s h o r t c o m in g  has been a s i m p l i s t i c  v i e w  o f  t h e  f u n c t i o n s  i n v o l v e d  
in  c o n s t r u c t i o n .  For  i n s t a n c e ,  i t  i s  i m p l i c i t  in  much o f  t h e  re s e a rc h  
t h a t  p e r c e p t i o n  i s  a s i n g l e ,  u n i t a r y  phenomenon and t h a t  i t  can be c l e a r ­
l y  d i s t i n g u i s h e d  f rom  p l a n n i n g .  But  most  modern d i s c u s s i o n  o f  p e r c e p ­
t i o n  s u g g e s ts  t h a t  i t  i n v o l v e s  many s ta g e s  and i n depe nden t  p r o c e s s e s .
Any o f  these  c o u ld  be i m p a i r e d  in  a p a t i e n t  w i t h  c o n s t r u c t i o n a l  a p r a x i a .  
For  exam p le ,  t h e  c a p a c i t y  t o  p e r c e i v e  s i n g l e  a t t r i b u t e s  m i g h t  be im­
p a i r e d  w i t h o u t  im p a i rm e n t  o f  t he  p e r c e p t i o n  o f  th e  g l o b a l  s t r u c t u r e  o f  
a f i g u r e .  F u r t h e r m o r e ,  p e r c e p t i o n  is  n o t  a s t a t i c  p r o c e s s .  An a c c u r a t e
7d i s c r i m i n a t i o n  between two s i m i l a r  f i g u r e s  may r e q u i r e  th e  sys te m ­
a t i c  a n a l y s i s  and com par ison  o f  each component o f  t he  f i g u r e s .  P r e ­
sum ab ly ,  i f  t he  s u b j e c t  i s  s u f f e r i n g  f r om  a d i s o r d e r  o f  p l a n n i n g ,  t h i s  
s y s t e m a t i c  a n a l y s i s  c o u ld  be d i s r u p t e d  w i t h  a consequen t  i n a p p r o p r i a t e  
p e r c e p t i o n  o f  t h e  s t i m u l u s .  An e q u i v a l e n t  p o i n t  c o u ld  be made con ­
c e r n i n g  the  f a i l u r e  p r o p e r l y  t o  a n a l y s e  th e  components o f  the  a c t  o f  
c o n s t r u c t  i o n .
The re s e a rc h  r e p o r t e d  in  t h i s  t h e s i s  has been d i r e c t e d  towards  
some o f  th ese  p r o b le m s .  S ince  th e  e a r l y  1 9 6 0 ' s ,  i t  has been common 
p r a c t i c e  t o  employ o n l y  a l i m i t e d  number o f  t e s t s  in  re s e a r c h  i n v e s t i g a ­
t i o n s  o f  th e  n a t u r e  o f  c o n s t r u c t i o n a l  a p r a x i a .  O f t e n ,  th e s e  tas k s  
a re  s t a n d a r d  t e s t s ,  commonly employed in  g e n e ra l  c l i n i c a l  b a t t e r i e s  
and f r e q u e n t l y  d e v i s e d  f o r  use w i t h  " n o r m a l "  s u b j e c t s .  In t h i s  s t u d y ,  
a r e l a t i v e l y  l a r g e  number o f  t a s k s  were des igne d  t o  sample i n d i v i d u a l  
e lem en ts  o f  the  c o p y in g  p r o c e s s .  The t a s k s  were n o t  s t a n d a r d  t e s t s  bu t  
were s p e c i f i c a l l y  des ig n e d  f o r  t h e  p r e s e n t  pu rp o s e .
These t e s t s  ranged f r om  t a s k s  t h a t  measure th e  a b i l i t y  t o  p e r c e i v e  
and copy e le m e n t a r y  a t t r i b u t e s  (such as t h e  s i z e  o r  o r i e n t a t i o n  o f  a 
l i n e )  t o  ta s k s  t h a t  measure th e  a b i l i t y  t o  copy and d i s c r i m i n a t e  be ­
tween a range o f  v a r i o u s l y  t r a n s f o r m e d  com plex  f i g u r e s .  An a t t e m p t  
was made t o  su rv e y  t h e  dynamic  a s p e c t s  o f  p e r c e p t i o n  and c o p y i n g .  Thus 
the s u b j e c t ' s  a b i l i t y  t o  scan s t i m u l i ,  t o  m o n i t o r  them in  p r e p a r a t i o n  
f o r  c o p y in g  them and t o  p l a n  and e x e c u t e  the  c o p y in g  t a s k  were a l l  
sampled.
A dual  app roach has been ta k e n  in  a n a l y s i n g  the  d a t a .  The f i r s t  
i s  a Group approach and th e  second a C a s e -p ro f i le  a p p ro a c h .  These w i l l  
be c o n s i d e r e d  in  t u r n .
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p a t i e n t s  showing a copying d i s a b i l i t y  was compared wi th  t h a t  of  the 
group of  brain-damaged p a t i e n t s  w i t hou t  copying d i s a b i l i t y ,  and a l s o  
wi th  t he  performance of  a "normal"  c on t ro l  group.  This  approach 
d i f f e r s  from t h a t  u s u a l l y  adopted in the  l i t e r a t u r e ,  and i t  wa r r an t s  
f u r t h e r  comment. T y p i c a l l y ,  r e s e a r c h e r s  have been concerned p r i m a r i l y  
wi th  q u e s t i o n s  of  l a t e r a l i t y .  Accord ing l y ,  they u s ua l l y  c o n t r a s t  the 
per formance of  copying and n o n - c o p y i n g - d e f i c i t  g roups ,  s e p a r a t e l y ,  for  
l e f t  and r i g h t  hemisphere l e s i o n s .  In t h i s  s t udy ,  i t  was simply not  
p o s s i b l e  to o b t a i n  a s u f f i c i e n t  number o f  s u b j e c t s  t o  adopt  t h i s  
approach .  I t  might  be argued t h a t  f a i l u r e  to s e p a r a t e  p a t i e n t s  a c c o r ­
ding to  s i d e  of  l e s i on  could y i e l d  a he t e rogeneous  pool of  s u b j e c t s  
and hence lead to  impover ished or  even mi s l ead i ng  co n c l us i on s .
However,  i t  is e q u a l l y  t r u e  t h a t  f a i l i n g  to  s e p a r a t e  groups of  s u b j e c t s  
by i n t r a h em i s p h e r i c  locus  of  l e s i on  (a ma n i pu l a t i on  which is a lmost  
never  per formed,  but  one which is c e r t a i n l y  a t  l e a s t ,  i f  not  more 
r e l e v a n t )  could a l s o  r e s u l t  in s i m i l a r  d i f f i c u l t i e s .  In f a c t ,  any 
group approach s u f f e r s  from t h i s  l i m i t a t i o n  to  some e x t e n t .  As Heilman 
and V a l e n s t e i n  ( 1979) p o i n t  ou t
"The problem wi t h  the  s t a t i s t i c a l  a n a l y s i s  o f  a group 
of  p a t i e n t s  is t h a t  p o t e n t i a l l y  s i g n i f i c a n t  da t a  from 
an ind i v idua l  p a t i e n t  may be l o s t  when averaged wi th 
da t a  from the  group.  For example,  a s tudy of  a group 
of  p a t i e n t s  might  demons t r a t e  t h a t  language d i s a b i l i t y  
is  c o r r e l a t e d  wi t h  impairment  on nonverbal  t e s t s  of  
i n t e l l i g e n c e .  In such a s t udy ,  the  f i n d i ng  of  one 
p a t i e n t  wi th s eve r e  language d i s a b i l i t y  but  normal 
per formance on nonverbal  c o g n i t i v e  t a s k s  might  be 
n e g l e c t e d ;  however,  i t  could be argued t h a t  the  da t a  
on t h i s  s i n g l e  p a t i e n t  would be more impor tant  than a l l  
t he  r e s t .  For t h i s  p a t i e n t  would i n d i c a t e  t h a t  the  
a b i l i t i e s  to  make verbal  and nonverbal  g e n e r a l i z a t i o n s  
were l i k e l y  to  be f u n c t i o n a l l y  and a n a t omi c a l l y  d i s ­
c r e t e .  The s t a t i s t i c a l  a n a l y s i s  o f  the  whole group 
o f  p a t i e n t s ,  however,  might  suppor t  the  o p p o s i t e  con­
c l u s i o n . "  (p.  19)
9The second approach to  da t a  a n a l y s i s  r e p r e s e n t s  an a t t empt  
t o  cope wi th  t h i s  problem.  P a t t e r n s  of  performance by i nd i v i dua l  
s u b j e c t s  s u f f e r i n g  from copying d e f i c i t  were examined,  f i r s t l y ,  in 
an a t t empt  to a s c e r t a i n  i f  the group r e s u l t s  r e f l e c t e d  ind i v i dua l  
p a t t e r n s  of  per formance ,  and second l y ,  to  de t e rmine  i f  any d i f f e r e n c e s  
in p r o f i l e  p a t t e r n  cor responded to  d i f f e r e n c e s  in the l o c a l i z a t i o n  
o f  the  c a u s a t i v e  l e s i o n .
1.2 GRAPHICAL COPYING DISABILITY
As i nd i ca t e d  e a r l i e r ,  g r a ph i c a l  copying has u s ua l l y  been con­
s i d e r e d  as j u s t  one a s pe c t  o f  a broader  c o n d i t i o n  - c o n s t r u c t i o n a l  
a p r a x i a .  However,  Benton (Benton S F og e l , 1962; Benton,  1967, 1969, 
1979) has r ep e a t e d l y  q ues t i oned  the  u s e f u l n e s s  of  a concept  as broad 
as  c o n s t r u c t i o n a l  a p r a x i a .  He has argued t h a t  the  mechanism under ­
ly i ng  performance on a c o n s t r u c t i o n a l  t a sk  may vary wi th  the  p a r t i c u ­
l a r  c o n s t r u c t i o n a l  t a sk  employed.  In suppor t  of  t h i s ,  he has shown 
t h a t  the  i n t e r c o r r e l a t i o n s  between four  c o n s t r u c t i o n a l  t a s k s  (BVRT 
copying,  WAIS Bl oc k-des i gn ,  3D b 1ock-as semb1y , s t i c k  des ign)  a r e  
q u i t e  low, the c o r r e l a t i o n s  ranging from .2b f o r  copying and s t i c k  
des ign  and copying and t h r e e  d imens ional  assembly,  to  .39 fo r  block 
des ign and s t i c k  assembly (Benton,  1969 ) .  On the  b a s i s  of  the p a t t e r n  
of  i n t e r c o r r e l a t i o n s  and the p a t t e r n  of  j o i n t  occur r enc e  of  f a i l u r e  
on p a i rw i s e  combinat ions  of  the  t e s t s ,  Benton has proposed t h a t  an 
i n i t i a l  d i s t i n c t i o n  be made between "graphomotor"  t a s k s  (such as  copying 
and drawing) and "assembly"  t a sks  (such as block b u i l d i n g  and s t i c k  
d e s i g n ) .  The empi r i ca l  i n v e s t i g a t i o n  r e po r t e d  in t h i s  t h e s i s  was 
r e s t r i c t e d  to graphomotor  t a s k s .  Fur thermore ,  drawing from memory was
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e x c lu d e d  f rom c o n s i d e r a t i o n .  T h e r e f o r e ,  the  r e s u l t s  c anno t  neces ­
s a r i l y  be g e n e r a l i z e d  t o  t h e  more b r o a d l y  d e f i n e d  s t a t e  o f  " c o n s t r u c ­
t i o n a l  a p r a x i a " .  A c c o r d i n g l y ,  th e  te rm  graphical copying disability 
(GCD) w i l l  be used t o  d e s c r i b e  th e  d e f i c i t  s p e c i f i c a l l y  examined in  t h i s  
s t u d y .
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CHAPTER 2
A REVIEW OF RESEARCH STUDIES OF 
CONSTRUCTIONAL APRAXIA
The e m p i r i c a l  s t u d y  r e p o r t e d  in  t h i s  t h e s i s  was concerned  w i t h  
g r a p h i c a l  c o p y in g  d i s a b i l i t y .  However ,  because c o p y in g  d i s a b i l i t y  
has t r a d i t i o n a l l y  been c o n s i d e r e d  as j u s t  one a s p e c t  o f  c o n s t r u c t i o n a l  
a p r a x i a ,  i t  i s  n o t  p o s s i b l e  t o  i s o l a t e  a l i t e r a t u r e  on c o p y in g  pe r  se 
f rom th e  c o n s t r u c t i o n a l  a p r a x i a  l i t e r a t u r e .  A c c o r d i n g l y ,  t he  r e v ie w  
t h a t  f o l l o w s  c o n s i d e r s  t h e  c o n s t r u c t i o n a l  a p r a x i a  l i t e r a t u r e  in  g e n e r ­
a l  .
Terminology
The te rm  " c o n s t r u c t i o n a l  a p r a x i a "  was o r i g i n a l l y  i n t r o d u c e d  by
K l e i s t ,  a German n e u r o l o g i s t ,  who d e f i n e d  i t  as
"a  d i s t u r b a n c e  w h ic h  appea rs  in  f o r m a t i v e  a c t i v i t i e s  
in  w h ich  t h e  s p a t i a l  p a r t  o f  t h e  t a s k  i s  m is s e d ,  a l ­
though t h e r e  i s  no a p r a x i a  o f  s i n g l e  movements . "
( K l e i s t ,  1912 c i t e d  W a r r i n g t o n ,  19 6 9 )
K l e i s t  b e l i e v e d  t h a t  c o n s t r u c t i o n a l  a p r a x i a  r e s u l t e d  f r om  a d i s s o c i ­
a t i o n  o f  i n t a c t  v i s u a l  and i n t a c t  m o to r  f u n c t i o n s  f o l l o w i n g  damage 
t o  t h e  l e f t  p a r i e t a l  r e g i o n  o f  the  b r a i n .  Benton (1979) has p o i n t e d  
o u t  t h a t  K l e i s t  e x p l i c i t l y  e x c lu d e d  f r om  h i s  c o n c e p t  o f  c o n s t r u c t i o n a l  
a p r a x i a ,  those  p a t i e n t s  whose d i s o r d e r  was accompanied by p e r c e p t u a l  
p r o b le m s .  However ,  t h e  te rm  has been adop te d  by subsequen t  i n v e s t i ­
g a t o r s  t o  d e s c r i b e  d i s o r d e r s  o f  c o n s t r u c t i o n  r e g a r d l e s s  o f  u n d e r l y i n g  
mechanism.  T h i s  has led  some a u t h o r s  t o  p ropose t h a t  t he  te rm
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" c o n s t r u c t i o n a l  a p r a x i a "  s h o u ld  be r e p la c e d  by a te rm  such as " c o n s t r u c ­
t i o n a l  d i s a b i l i t y "  w h ich  does n o t  im p ly  an u n d e r l y i n g  mechanism.  ( e . g .  
Benson S B a r t o n ,  1970) .
W h i le  some a u t h o r s  a r e  b e g i n n i n g  t o  adop t  t h i s  c o n v e n t i o n ,  th e  
te rm  " c o n s t r u c t i o n a l  a p r a x i a "  has been employed e x t e n s i v e l y  t h r o u g h ­
o u t  the  l i t e r a t u r e .  I t  t h e r e f o r e  seemed a p p r o p r i a t e  t h a t  t h e  te rm  
sho u ld  be r e t a i n e d  f o r  th e  f o l l o w i n g  r e v ie w  o f  t h e  l i t e r a t u r e .
However ,  i t s  use i s  no t  i n te n d e d  t o  im p ly  a p a r t i c u l a r  u n d e r l y i n g  
mechanism and i t  i s  employed synonymous ly  w i t h  t h e  te rm  " c o n s t r u c t i o n ­
a l  d i s a b i 1 i t y " .
2.1 THE LOCALIZATION OF CONSTRUCTIONAL APRAXIA
S inc e  K l e i s t ' s  o r i g i n a l  d e s c r i p t i o n  o f  c o n s t r u c t i o n a l  a p r a x i a ,  
c o n s i d e r a b l e  i n t e r e s t  has been d i r e c t e d  t o  d e t e r m i n i n g  th e  l o c a l i z a ­
t i o n  o f  t he  c a u s a t i v e  l e s i o n .  Many w r i t e r s  and i n v e s t i g a t o r s  have 
a t t r i b u t e d  a dom inan t  r o l e  t o  t h e  r i g h t  p o s t e r i o r  r e g i o n  o f  t h e  b r a i n ,  
c l a i m i n g  t h a t  c o n s t r u c t i o n a l  a p r a x i a  i s  more f r e q u e n t  and more seve re  
a f t e r  damage t o  t h i s  a r e a .  In f a c t ,  t he  q u e s t i o n  o f  t he  r e l a t i v e  
i n c i d e n c e  o f  t h e  d i s o r d e r  in r i g h t  compared t o  l e f t  hem isphere  l e s i o n s  
has n o t  been f i n a l l y  r e s o l v e d .  I t  i s  c e r t a i n l y  c l e a r  t h a t  no one 
r e g io n  o f  the  b r a i n  i s  u n i q u e l y  i m p l i c a t e d  in  c o n s t r u c t i o n a l  d i s a b i l i t y .
The f i r s t  s y s t e m a t i c  s t u d y  o f  t he  i n c i d e n c e  o f  c o n s t r u c t i o n a l  
a p r a x i a  as a f u n c t i o n  o f  l a t e r a l i t y  o f  l e s i o n  was r e p o r t e d  by P i e r c y ,  
H6caen and De A j u r i a g e u r r a  ( i 9 6 0 ) .  These a u t h o r s  d e m o n s t ra te d  t h a t  in 
a l a r g e ,  u n s e l e c t e d  sample o f  p a t i e n t s ,  c o n s t r u c t i o n a l  a p r a x i a  was 
t w i c e  as f r e q u e n t  in p a t i e n t s  w i t h  r i g h t  hem isphe re  l e s i o n s  as in p a t i e n t s  
w i t h  l e f t  hem isphe re  l e s i o n s .  A summary o f  th e  f i n d i n g s  o f  t h i s  and
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subsequent studies is presented in Table 2-1 . It can be seen that 
there is considerable variation among the results of these studies.
Some authors have supported the findings of Piercy et al. (i960), repor­
ting a clear predominance of constructional apraxia in right hemis­
phere patients (e.g. Piercy S Smyth, 1962; Benton S Fogel, 1962;
Black S Strub, 1976). However, other studies have failed to detect 
interhemispheric differences in frequency of constructional apraxia 
(e.g. Warrington, James 6 Kinsbourne, 1966; Benton, 1973; Arena & 
Gainotti, 1978) and one study reported a preponderance of left hemis­
phere constructional apraxia (Consoli, 1979)*
Factors which would appear to effect the relative frequency of 
constructional apraxia include the particular constructional task 
employed, the cut-off criterion used to differentiate a normal from 
an abnormal performance, and the particular aspect of the construction­
al performance judged. The composition of the patient sample (partic­
ularly whether or not receptive aphasics have been included) also 
appears to affect the outcome of localization studies. It has been 
suggested that the size of lesion may also play an important role.
The relevance of each of these factors is discussed below.
Benton (1967) has argued that the localization of constructional 
apraxia depends on the particular constructional task employed. He 
presented evidence that copying and block assembly failure were 
closely associated with right hemisphere lesions while block design 
failure was seen equally often after left and right lesions.
Not all the data was directly available in the original papers, 
but in all cases it could be derived from the information that 
was supplied.
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TABLE 2-1
A summary of studies of the relative incidence of constructional apraxia 
(CA) in left a‘nd right hemisphere lesions
Study Task
Criter ion 
for CA Comment
Sample Size 
Total Left Ri ght
with CA 
Total Left R i ght
Rat io 
Right/Left 
CA
Piercy', Not given Not given A03 215 188 17 12 22
A A *
1.5
Dc Ajuriaaeurra 
(I960)
.. ..
" "
Retro-
Rolandic
only
261 150 1 1 1 26 17 38
A A A
2.3
Piercy 
£ Smyth 
(1962)
(a) copying
(b) free 
drawing
(c) matches
(d) blocks
(e) object 
assemb1y
Not given Parietal
37 18 19 5^ 39 68 1.8
Benton
(1962)
Copying 
(BVRT)
Below 98? 
controls
77 A2 35 18 IA 23 1.6
Benton £ 
Fogel 
(1962)
3D Block 
Assembly
Below 99'C 
control s
80 ^3 37 23 IA 32 2.3
Costa £ 
Vaughan 
0962)
WAIS 
E 1 ock 
Des 1gn
Below 2 
SD's below 
normal (age 
corrected)
36 18 18 AA 33 56 1.7NS
Ar rigoni 
t Oe Renzi 
0 9 6 M
Copying Below worst 
control
125 70 55 27 19 36
A  A2.1
3D Block 
Assembly
II 125 70 55 20 11 31
A A
2.7
3D Block 
Assembly
Below worst 
control but 
one
125 70 55 33 2A AA
_ * A
1.8
Token test Be low worst 
control
125 70 55 22 16 31
A  A
2 . 0
Combined 
Copying, 
Block 
Assembly, 
Token
Below worst 
but one 
con t ro1 125 70 55 50 A0 6A 1 .6*"
Combined
Copying,
Block
Assembly,
Token
"Usual
method"
Equated 
Left and 
Right 
groups 
for
React ion 
T i me
88 AA AA 50 39 61 l.6NS
Warrington, 
James & 
Kinsbourne 
(1966)
Copying Be low
median for 
brain­
damaged 
group
62 31 31 NR 55 61 l . l M S
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TADLE 2-1 C o n t 'd
Study Task
C r i t e r i o n
f o r  CA Comment
Samp!
T o t a l
e S iz e  
L e f t R ig h t
%
T o t a l
w i t h  CA 
L e f  t R i gh t
R a t i o
R i g h t / L e f t
CA
Benton
( 1967)
Co pying
(BVRT)
" D e f i c i t "  = 
be low  95% 
c o n t r o l s
78 A3 35 21 1A 29 2. 1
3D B lo c k  
Assembly
" 78 A3 35 37 23 5A 2 . 3
St i ck 
Design
II 78 A3 35 30 26 3A 1 . 3
Block  
Design
" 78 A3 35 32 30 3A 1 . 1
Co pying
(BVRT)
"S e v e re  
d e f i c i t "  
“  be low  
100%
c o n t r o l s
67 A3 35 9 5 1A. 5 2 . 9
3D B lo ck  
Assembly
" 78 A3 35 15 9 23 2 . 6
St i c k  
Design
" 78 A3 35 10 7 IA 2 . 0
B lo c k  
Design
" 78 A3 35 17 1A 20 1 .A
Copy in g  "M o d e ra te
(BVRT) d e f i c i t "
*  be low  
95% o f  
c o n t r o l s  
b u t  above 
lo w e s t  1%
B lo c k
Assembly "
78 A3 35 22 31 IA 2 .2
St  Ick  
Design
" 78 A3 35 20 20 19 1.1
B1 ock 
Design
" 78 A3 35 15 16 IA 0 . 9
De Renzi 
£ Fag 1 i o n i
(1967)
Copy in g Below w o rs t  
c o n t  r o l
137 7A 63 32 27 38 l . A  NS
Benton
(1973)
3D B lo c k  
Assembly
Below 99% 
c o n t r o l s
1n c 1uded 
a p h a s ic s
A8 3A 1A 33 32 36 1.1
B la c k  
£ S t ru b  
(1976)
WAIS B lock  
Design
S ca le d  s c o re  
< 8
60 30 30 23 10 33 3 -3
WAIS O b je c t  
Assembly
" 60 30 30 32 23 A0 1.7
Bender 
G e s t a l t
K o p p i t z  
s c o re  > 2
60 30 30 25 17 33 2 . 0
Arena £ 
G a i n o t t i  
(1978)
Copy ing (BVRT 
w i t h  m o d i f i c d  
s c o r i n g )
Be low w o rs t  
. o n t r c l  bu t  
one
1n c 1uded 
ap h a s ic s
73 A3 30 37 37 37 1 .0  NS
78 ^3 35 >2 9 »5
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TABLE 2-1 C o n t 'd
S tudy Task
C r l t e r i o n
f o r  CA Comment
Sample S iz e  
T o t a l  L e f t  R i g h t
% w i t h  CA
T o t a l  L e f t  R ig h t
Rat i 0 
R i g h t / L e f t  
CA
C o n s o l i  C o n so l i
( 1979) B lo c k
Des ign
More
" h e s i t a t i o n s "  , 9 , 7 1,2 53 29 0 . 5 6
than  w o r s t
c o n t r o l
T h i s  was a r e t r o s p e c t i v e  a n a l y s i s  con d u c te d  by 
r e t r i e v i n g  i n f o r m a t i o n  from punch c a r d  re c o r d s  
c o l l e c t e d  o v e r  e i g h t  y e a r s .
*  p < .05
* *  p < .02 
* * *  p < .01
NS p > .05
O m iss ion  o f  p r o b a b i l i t y  l e v e l s  
i n d i c a t e s  o r i g i n a l  a u t h o r s  d i d  
n o t  s u p p ly  c o r r e s p o n d i n g  s t a t i s ­
t i c a l  r e s u l t s .
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Benton has a l s o  sugges te d  t h a t  t h e  d e f i n i t i o n  o f  c o n s t r u c t i o n a l  
d e f i c i t  may a f f e c t  t he  outcome o f  l o c a l i z a t i o n  s t u d i e s .  Most i n v e s t i ­
g a t o r s  d e f i n e  as " c o n s t r u c t i o n a l  a p r a x i c "  those  p a t i e n t s  whose con­
s t r u c t i o n a l  p e r fo rm anc e  i s  p o o r e r  than  t h a t  o f  a s p e c i f i e d  pe rc e n ta g e  
o f  normal  s u b j e c t s .  For  i n s t a n c e ,  the  sc o re s  exceeded by 95% o r  100% 
o f  c o n t r o l  p a t i e n t s  a r e  commonly employed as c u t - o f f  c r i t e r i a .  Benton 
(1967)  c la im e d  t h a t  t h e  more s t r i n g e n t  th e  c r i t e r i o n  f o r  i n c l u s i o n  in 
t h e  c o n s t r u c t i o n a l  a p r a x i c  c a t e g o r y ,  t he  g r e a t e r  t he  p r o p o r t i o n  o f  
r i g h t  hem isphere  p a t i e n t s  in  t h e  c o n s t r u c t i o n a l  a p r a x i c  g ro u p .  The 
f i n d i n g  t h a t  c o n s t r u c t i o n a l  a p r a x i a  i s  more se v e re  in  r i g h t  hem is ­
phere p a t i e n t s ,  has r e c e i v e d  some s u p p o r t  f r om  e a r l i e r  s t u d i e s  
( P i e r c y  e t  a l . ,  I 960 ;  Benton & F o g e l , 1962) b u t  has been c o n t r a d i c t e d  
by o t h e r  s t u d i e s  ( e . g .  W a r r i n g t o n  e t  a l . ,  1966; Dee, 1970; Arena &
G a i n o t t i , 1978)•
The adequacy o f  t h e  s u b j e c t ' s  f i n a l  c o n s t r u c t i o n  i s  th e  most 
commonly employed measure o f  c o n s t r u c t i o n a l  a b i l i t y .  However ,  C onso l i  
(1979) adop te d  a q u i t e  d i f f e r e n t  i n d e x  o f  c o n s t r u c t i o n a l  a b i l i t y .
U s ing  a s p e c i a l l y  d e s ig n e d  " b l o c k  d e s i g n "  t a s k ,  he based h i s  d e f i n i t i o n  
o f  a b n o r m a l i t y  on t h e  number o f  " h e s i t a t i o n s "  in  t he  p a t i e n t ' s  p e r ­
fo rm ance .  A l l  t hose  p a t i e n t s  who h e s i t a t e d  more f r e q u e n t l y  than  the  
" w o r s t "  c o n t r o l  ( t h a t  i s ,  more than  once)  w h i l e  c o n s t r u c t i n g  a d e s ig n  
were a l l o c a t e d  t o  th e  im p a i r e d  g r o u p .  T h i s  c r i t e r i o n  o f  a b n o r m a l i t y  
d i f f e r s  f r om  c r i t e r i a  employed in  a l l  p r e v i o u s  s t u d i e s  in  t h a t  i t  
assesses th e  manner in  w h ic h  th e  s u b j e c t  proceeded r a t h e r  than  the  end 
p r o d u c t .  I t  i s  t h e r e f o r e  i n t e r e s t i n g  t h a t  C o n s o l i ' s  s t u d y  i s  the  
o n l y  i n s t a n c e  in w h ic h  a p redominance o f  l e f t  hem isphe re  c o n s t r u c t i o n a l  
a p r a x i a  has been r e p o r t e d .  The a u t h o r  h i m s e l f  t e n t a t i v e l y  a t t r i b u t e d
th e  d i f f e r e n c e  between h i s  r e s u l t s  and t h o s e  o f  o t h e r  s t u d i e s  t o  the
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s p e c i a l  f e a t u r e s  o f  h i s  new b l o c k  d e s ig n  t e s t .  However ,  the  
p a r t i c u l a r  a s p e c t  o f  c o n s t r u c t i o n  upon w h ic h  he based h i s  c l a s s i f i c a ­
t i o n  o f  c o n s t r u c t i o n a l  a p r a x i a  seems more l i k e l y  t o  e x p l a i n  t he  d i s ­
c re p a n c y  between h i s  and e a r l i e r  r e s u l t s .
Benton (1973)  has s ugges te d  t h a t  in  s t u d i e s  where c o n s t r u c t i o n a l  
a p r a x i a  has been found  t o  be p a r t i c u l a r l y  a s s o c i a t e d  w i t h  r i g h t  hem is ­
phere  l e s i o n s ,  r e c e p t i v e  a p h a s i c s  may have been e x c lu d e d  f ro m  the  l e f t  
hem isphe re  l e s i o n  sample.  He c la im e d  t h a t  when p a r t i c u l a r  c a re  was 
ta k e n  t o  i n c l u d e  r e c e p t i v e  a p h a s i c s  in  t he  e x p e r i m e n t a l  sam ple,  t he  
p r o p o r t i o n  o f  r i g h t  and l e f t  hem isphe re  p a t i e n t s  w i t h  c o n s t r u c t i o n a l  
a p r a x i a  was th e  same. In f a c t  Benton found  t h a t  a p p r o x i m a t e l y  50% 
o f  a l l  r e c e p t i v e  a p h a s i c s  were c o n s t r u c t i o n a l  a p r a x i c  in  com par ison  w i t h  
3 6 % o f  r i g h t  hem isphere  p a t i e n t s  and 13% o f  n o n - a p h a s i c  o r  e x p r e s s i v e  
a p h a s i c  ( o n l y )  l e f t  hem isphere  p a t i e n t s .  Arena and G a i n o t t i  (1978)  
o b t a i n e d  e x a c t l y  p a r a l l e l  f i n d i n g s .
The r e s u l t s  o f  com pa r isons  o f  " u n s e l e c t e d "  l e f t  and r i g h t  
hem isphe re  p a t i e n t s  have been f r e q u e n t l y  q u e s t i o n e d  ( e . g .  Costa & 
Vaughan,  1962; A r r i g o n i  & De R e n z i ,  1964; W a r r i n g t o n  e t  a l . ,  19 6 6 ) .
I t  has been c la im e d  t h a t  r i g h t  hem isphe re  p a t i e n t s  may s u f f e r  more 
e x t e n s i v e  l e s i o n s  than  l e f t  hem isphe re  p a t i e n t s  s i n c e  l e f t  hem isphere  
d i s o r d e r  may be d e t e c t e d  e a r l i e r  due t o  t h e  o n s e t  o f  o b v i o u s  language 
d e f i c i t s ,  o r  because su rgeons  f e e l  j u s t i f i e d  in  making more e x t e n s i v e  
e x c i s i o n s  o f  the  "non d o m in a n t "  hem isphe re  ( W o o l f ,  19 6 2 ) .  A r g u in g  
t h a t  s im p l e  r e a c t i o n  t im e  i s  a good i ndex  o f  s e v e r i t y  o f  b r a i n  damage, 
A r r i g o n i  and De Renzi  (1964)  a t t e m p t e d  t o  c o n t r o l  f o r  th e  e f f e c t  o f  
l e s i o n  s i z e  by s e l e c t i n g  p a i r s  o f  r i g h t  and l e f t  hem isphe re  p a t i e n t s  
matched f o r  r e a c t i o n  t i m e .  A f t e r  m a tc h in g  f o r  r e a c t i o n  t im e  in  t h i s  
way, t h e r e  was no l o n g e r  a s i g n i f i c a n t  d i f f e r e n c e  in  t he  f r e q u e n c y  o f
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r i g h t  and l e f t  hem isphere  c o n s t r u c t i o n a l  a p r a x i a .  T h i s  f i n d i n g  can 
be c r i t i c i z e d  on two g r o u n d s .  F i r s t ,  t h e  r e s u l t s  r e s t  on the  p rem ise  
t h a t  r e a c t i o n  t im e  c o r r e l a t e s  w i t h  s e v e r i t y  o f  b r a i n  damage. There 
i s  now e v id e n c e  t h a t  t h i s  i s  not  a v a l i d  as s um p t ion  ( B o i l e r ,  Howes 
S P a t t e n ,  1970; B u t t e r s  S B a r t o n ,  1970) .  S e c o n d ly ,  as Benton (1967)  
has p o i n t e d  o u t ,  the m a tc h in g  p ro c e s s  reduced the  sample s i z e  w h ich  
in  t u r n  reduced th e  power o f  the  s t a t i s t i c a l  t e s t .  I t  i s  e v i d e n t  
f r om  T a b le  2-1 t h a t  the  r e l a t i v e  f r e q u e n c y  o f  r i g h t  and l e f t  c on ­
s t r u c t i o n a l  a p r a x i a ,  in  f a c t ,  remained unchanged a f t e r  the  m a tc h in g  
p r o c e d u r e .  The re  i s  l i t t l e  e m p i r i c a l  e v id e n c e  c o n c e r n i n g  the  e f f e c t  
o f  l e s i o n  s i z e  on c o n s t r u c t i o n a l  d i s a b i l i t y .  However ,  Benson and 
B a r to n  (1970)  have shown t h a t  th e  l e f t  f r o n t a l  group  in  t h e i r  s e r i e s  
was the  l e a s t  i m p a i r e d  o f  a l l  l o c u s  g roups  on c o n s t r u c t i o n a l  ta s k s  
even a l t h o u g h  the  average  l e s i o n  was m a r g i n a l l y  l a r g e r .  T h i s  i l l u s ­
t r a t e s  t h a t  t h e r e  i s  no s i m p l e  r e l a t i o n s h i p  between l e s i o n  s i z e  and 
c o n s t r u c t i o n a l  a p r a x i a .
B la c k  and S t r u b  (1976) a v o id e d  the  d i f f i c u l t i e s  a s s o c i a t e d  w i t h  
a p o s s i b l e  s e v e r i t y  d i f f e r e n c e  in  samples o f  r i g h t  and l e f t  l e s i o n  
p a t i e n t s  by s t u d y i n g  a group  o f  p a t i e n t s  who had s u f f e r e d  m i s s i l e  
wounds t o  the  b r a i n .  The re  i s  no reason t o  s u s p e c t  more e x t e n s i v e  
l e s i o n s  in  the  r i g h t  hem isphere  p a t i e n t s  o f  t h i s  p a t i e n t  g r o u p .  Even 
so,  B la c k  and S t r u b  (1976)  r e p o r t e d  r i g h t  hem isphere  pe r fo rm a n c e  t o  
be s i g n i f i c a n t l y  p o o r e r  than l e f t  hem isphere  pe r fo rm a n c e  on two o f  
t h r e e  c o n s t r u c t i o n a l  t e s t s .  U n f o r t u n a t e l y ,  the  e x t e n t  t o  w h ic h  these  
f i n d i n g s  a re  gene ra  1 i z a b 1e t o  t h e  w i d e r  p o p u l a t i o n  o f  p a t i e n t s  w i t h  
u n i l a t e r a l  c e r e b r a l  l e s i o n s  i s  u n c l e a r .  In p a r t i c u l a r ,  t he  l a t e r a l i t y  
d i f f e r e n c e  must be v iewed w i t h i n  th e  c o n t e x t  o f  t he  f a c t  t h a t  none o f  
t h e i r  p a t i e n t s  s u f f e r e d  an a p h a s ia .
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Most o f  th e  e v id e n c e  c o n c e r n i n g  th e  l a t e r a l i z a t i o n  o f  c o n s t r u c t ­
i o n a l  a p r a x i a  has been d e r i v e d  f rom  g roup  s t u d i e s  o f  t h e  d i s o r d e r  in 
p a t i e n t s  w i t h  u n i l a t e r a l  c e r e b r a l  l e s i o n s .  However ,  c o n s t r u c t i o n a l  
a p r a x i a  is  a l s o  seen in p a t i e n t s  who have undergone s u r g i c a l  d i s c o n n e c t ­
ion o f  t h e  c e r e b r a l  h em isphe re s .  In p a r t i c u l a r ,  i t  has been r e p o r t e d  
t h a t  such p a t i e n t s  a r e  p o o r e r  a t  p e r f o r m i n g  c o n s t r u c t i o n a l  t a s k s  w i t h  
t h e  r i g h t  hand than w i t h  th e  l e f t  hand a l t h o u g h  pe r fo rm ance  w i t h  t he  
l e f t  hand is  a l s o  be low normal  l e v e l  (Bogen & G azzan iga ,  1965; G azzan iga ,  
Bogen & S p e r r y ,  1965, 1967; G azzan iga ,  1970) .  T h i s  f i n d i n g  i s  c o n s i s t e n t  
w i t h  th e  i n t e r p r e t a t i o n  t h a t  t h e  r i g h t  hem isphere  p la y s  a dom inan t  r o l e  
in c o n s t r u c t i o n a l  t a s k s .
In f a c t ,  t h e  r e s u l t s  a r e  based on a smal l  number o f  s u b j e c t s  who 
show c o n s i d e r a b l e  i n d i v i d u a l  v a r i a t i o n  in pe r fo rm anc e  p a t t e r n s .  The 
s u b j e c t s  have s u f f e r e d  f rom sev e re  c h r o n i c  e p i l e p s y  ( i n  some cases s i n c e  
i n f a n c y )  and may have deve loped  a t y p i c a l  r e p r e s e n t a t i o n  o f  f u n c t i o n .
Many o f  t h e  p a t i e n t s  s u f f e r e d  f rom e x t r a - c o m m i s s u r a l  damage (G azzan iga ,  
Bogen & S p e r r y ,  1967) .  F i n a l l y ,  t he  c o n c l u s i o n s  appear  t o  be based 
s o l e l y  on casua l  c l i n i c a l  assessment .  (Fo r  exam ple,  in a s s e s s in g  c o p y in g  
a b i l i t y  t h e r e  is  no e v id e n c e  t h a t  th e  a u t h o r s  a t t e m p t e d  t o  f o r m a l l y  
assess p r o d u c t i o n s  in a c o n t r o l l e d  and s y s t e m a t i c  m anner . )  Thus ,  
a l t h o u g h  the  s t u d i e s  o f  " s p l i t - b r a i n "  p a t i e n t s  lend  s u p p o r t  t o  t h e  
v ie w  t h a t  c o n s t r u c t i o n a l  p rob lems o r i g i n a t e  p r i m a r i l y  in t h e  r i g h t  
hem isphere  (and o n l y  t o  a l e s s e r  e x t e n t  f rom th e  l e f t  h e m is p h e r e ) ,  t hey  
have n o t ,  t o  d a t e ,  p r o v i d e d  i n c o n t r o v e r t i b l e  s u p p o r t  f o r  t h i s  v i e w .
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In a d d i t i o n  t o  i n v e s t i g a t i n g  th e  l a t e r a l i t y  q u e s t i o n ,  B la c k  and 
S t r u b ' s  (1976) s tu d y  was des igne d  t o  p r o v i d e  i n f o r m a t i o n  c o n c e r n in g  the  
e f f e c t  o f  locus  o f  l e s i o n  w i t h i n  a hem isphere  on th e  i n c i d e n c e  o f  con ­
s t r u c t i o n a l  a p r a x i a .  S ince  the  e a r l y  case s t u d i e s ,  i t  had w i d e l y  been 
assumed t h a t  c o n s t r u c t i o n a l  a p r a x i a  was c l o s e l y  a s s o c i a t e d  w i t h  l e s i o n s  
o f  the  p o s t e r i o r  r e g i o n  o f  t h e  b r a i n .  Indeed ,  in  s t u d y i n g  c o n s t r u c t i o n a l  
a p r a x i a ,  some a u t h o r s  s i m p l y  r e s t r i c t e d  t h e i r  s t u d i e s  t o  p a t i e n t s  w i t h  
p o s t e r i o r  l e s i o n s  ( e . g .  P i e r c y  & Smyth,  1962; H£caen,  P e n f i e l d ,  B e r t r a n d  
& Malmo, 1956) o r  s e l e c t e d  f o r  s t u d y ,  cases w i t h  c o n s t r u c t i o n a l  a p r a x i a  
w h ich  were s u b s e q u e n t l y  found  t o  i n v o l v e  r e t r o - R o l a n d i c  damage ( e . g .
McFie & Z angw i11, i 960) .  B e a r in g  in  mind the  p o s s i b l e  sa m p l in g  d e f i c i e n c y  
r e f e r r e d  t o  in th e  p r e c e d i n g  p a r a g r a p h ,  B la c k  and S t r u b  (1976)  p r o v i d e d  
s t a t i s t i c a l  c o n f i r m a t i o n  o f  t h e  c l i n i c a l  i m p r e s s io n  t h a t  c o n s t r u c t i o n a l  
a p r a x i a  i s  c l o s e l y  a s s o c i a t e d  w i t h  r e t r o - R o l a n d i c  damage. In a d d i t i o n ,  
th e y  r e p o r t  t h a t  " t h e  i n t e r h e m i s p h e r i c  e f f e c t  d i d  n o t  approach  th e  magn i ­
tude  o f  t he  locus  o f  l e s i o n  e f f e c t ;  a n t e r i o r  l e s i o n  s u b j e c t s  c o n s i s t e n t l y  
pe r fo rm ed  b e t t e r  than s i m i l a r  p o s t e r i o r  l e s i o n  s u b j e c t s "  (p .  2 1 8 ) .  B la c k  
and S t r u b  (1976) based a l l  t h e i r  c o n c l u s i o n s  on s t a t i s t i c a l  compar isons  
o f  mean p e r fo rm anc e  s c o r e s .  However ,  as T a b le  2 -2  i l l u s t r a t e s ,  the  
e f f e c t  i s  a l s o  e v i d e n t  in  a compar ison  o f  t he  p e r c e n ta g e  o f  c o n s t r u c ­
t i o n a l  a p r a x i c s  in  each g r o u p .
L i t t l e  i s  known abou t  th e  r e l a t i o n s h i p  between c o n s t r u c t i o n a l  
a p r a x i a  and the  p r e c i s e  lo c u s  o f  t h e  r e t r o - R o l a n d i c  l e s i o n .  P i e r c y  
e t  a l .  ( i 9 6 0 )  examined the  d i s t r i b u t i o n  o f  u n i l a t e r a l  r e t r o - R o l a n d i c  
l e s i o n s .  They conc lu d e d  t h a t  c o n s t r u c t i o n a l  a p r a x i a  was p a r t i c u l a r l y  
a s s o c i a t e d  w i t h  t h e  t e m p o r o - p a r i e t o - o c c i p i t a l  r e g i o n  and t o  some e x t e n t  
w i t h  the  p a r i e t o - o c c i p i t a 1 and p a r i e t a l  r e g io n s  in  t h e  r i g h t  hem is ­
phe re .  However , t he  l e f t  hem isphere  c o n s t r u c t i o n a l  a p r a x i a  was s a id
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t o  be les s  f o c a l l y  o r g a n i z e d  w i t h  t e m p o r a l ,  t e m p o r o - o c c i p i t a 1, 
o c c i p i t a l  and p a r i e t o - t e m p o r a 1 r e g i o n s  p l a y i n g  a g r e a t e r  r o l e  than in  
r i g h t  hemisphere d i s o r d e r .  In c o n t r a s t  P e t r o v i c i  (1972,  c i t e d  by 
W a ls h ,  1978) found  no c o n s t r u c t i o n a l  a p r a x i a  in  cases o f  c e r e b r a l  
tum our  c o n f i n e d  t o  t he  tem pora l  lobe ,  whereas c o n s t r u c t i o n a l  a p r a x i a  
was found  in  a lm o s t  h a l f  o f  the  cases where th e  p a r i e t a l  o r  p a r i e t a l  
and o c c i p i t a l  lobes  were  i m p l i c a t e d  i n  a d d i t i o n  t o  the  te m po ra l  l o b e .
2 . 2  THE PSYCHOLOGICAL PROCESSES UNDERLYING 
CONSTRUCTIONAL APRAXIA
S ince  any one c o n s t r u c t i o n a l  t a s k  r e q u i r e s  f o r  i t s  s o l u t i o n  th e  
c o n c e r t e d  a c t i v i t y  o f  a number o f  p s y c h o l o g i c a l  p r o c e s s e s ,  i t  i s  no t  
s u r p r i s i n g  t h a t  a v a r i e t y  o f  mechanisms have been p o s t u l a t e d  t o  e x ­
p l a i n  c o n s t r u c t i o n a l  a p r a x i a .  These i n c l u d e ,  p e r c e p t u a l ,  p l a n n i n g ,  
e x e c u t i v e ,  o c u l o m o t o r ,  v e s t i b u l a r  and a t t e n t i o n  d e f e c t s .  In a d d i t i o n ,  
some a u t h o r s  have p o s t u l a t e d  d i s c o n n e c t i o n  syndromes ( K l e i s t ,  1912; 
N i e l s o n ,  1975) .  However,  most i n t e r e s t  has been d i r e c t e d  t o  th e  
p o s s i b i l i t y  t h a t  t he  n a t u r e  o f  c o n s t r u c t i o n a l  a p r a x i a  may d i f f e r  depen­
d in g  on the  l a t e r a l i t y  o f  th e  c a u s a t i v e  l e s i o n .  In p a r t i c u l a r ,  
f o l l o w i n g  a s u g g e s t i o n  by Deuns ing ( 1 9 5 3 ) ,  and e m p i r i c a l  e v id e n c e  
r e p o r t e d  by McFie and Z a n g w i11 ( i 960 ) ,  i t  has been h y p o t h e s i z e d  t h a t  
r i g h t  hemisphere c o n s t r u c t i o n a l  a p r a x i a  may a r i s e  f r o m  a p e r c e p t u a l  
d i s a b i l i t y  w h i l e  l e f t  hem isphe re  c o n s t r u c t i o n a l  a p r a x i a  may stem f rom 
a p l a n n i n g  o r  c o n c e p t u a l  d i s o r d e r .
McFie and Z a n g w i11 ( i 960 ) c o n t r a s t e d  th e  p a t t e r n  o f  a s s o c i a t e d  
d i s a b i l i t i e s  in  l e f t  and r i g h t  hem isphe re  c o n s t r u c t i o n a l  a p r a x i c s .
They found  t h a t  th e  r i g h t  hem isphe re  c o n s t r u c t i o n a l  a p r a x i c s  pe r fo rm ed
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p o o r l y  on " s p a t i a l "  ta s k s  (cube c o u n t i n g ,  paper  c u t t i n g )  w h i l e  l e f t  
hem isphere  p a t i e n t s  pe r fo rm e d  p o o r l y  on a t e s t  o f  c o n c e p tu a l  t h i n k i n g  
( W e i g l ) .  However , P i e r c y  and Smyth (1962) q u e s t i o n e d  th ese  c o n c l u ­
s i o n s  on m e t h o d o l o g i c a l  g ro u n d s .  They p o i n t e d  o u t  t h a t  t he  p a t t e r n  
o f  d e f i c i t s  d e s c r i b e d  f o r  the  c o n s t r u c t i o n a l l y  im p a i re d  l e f t  hem is ­
phere  p a t i e n t s  m ig h t  a c t u a l l y  r e f l e c t  d e f i c i t s  a s s o c i a t e d  w i t h  l e f t  
hem isphe re  damage, r e g a r d l e s s  o f  w h e th e r  o r  no t  t he  p a t i e n t  s u f f e r e d  
f r om  c o n s t r u c t i o n a l  a p r a x i a .  S i m i l a r l y ,  some o f  t he  symptoms a s s o c i ­
a te d  w i t h  r i g h t  c o n s t r u c t i o n a l  a p r a x i a  m ig h t  e x i s t  in  r i g h t  l e s i o n  
cases w i t h o u t  c o n s t r u c t i o n a l  a p r a x i a .  They con tended  t h a t  in  o r d e r  
t o  show a d e f e c t  t o  be s p e c i f i c a l l y  a s s o c i a t e d  w i t h  l e f t  c o n s t r u c t i o n a l  
d i s a b i l i t y ,  i t  was ne c e s s a ry  t o  s a t i s f y  two c o n d i t i o n s .  F i r s t ,  the 
d e f e c t  must d i s c r i m i n a t e  between a l e f t  hem isphe re  group  w i t h  con­
s t r u c t i o n a l  a p r a x i a  and a l e f t  hem isphe re  g roup  w i t h o u t  c o n s t r u c t i o n a l  
a p r a x i a .  S e c o n d ly ,  t he  d e f e c t  s h o u ld  n o t  d i s c r i m i n a t e  between a r i g h t  
hem isphe re  group w i t h  c o n s t r u c t i o n a l  a p r a x i a  and a r i g h t  hem isphere  
group  w i t h o u t  c o n s t r u c t i o n a l  a p r a x i a .  C o n v e r s e l y ,  in  o r d e r  t o  demon­
s t r a t e  a d e f e c t  s p e c i f i c  to  a r i g h t  hem isphere  c o n s t r u c t i o n a l  p ro b le m ,  
t he  r i g h t  c o n s t r u c t i o n a l  a p r a x i c  and r i g h t  n o n - c o n s t r u c t i o n a l - a p r a x i c  
g roups  s hou ld  d i f f e r  w i t h  r e s p e c t  t o  t h e  d e f e c t  w h i l e  the  c o r r e s p o n d i n g  
l e f t  hem isphere g roups  s h o u ld  n o t .  W h i l e  t h i s  approach  can lead t o  
some d i f f i c u l t i e s ,  i t  i s  c l e a r l y  an i m p o r t a n t  m e t h o d o l o g i c a l  c o n t r i ­
b u t i o n  w h ic h  has s t r o n g l y  i n f l u e n c e d  the  e x p e r i m e n t a l  l i t e r a t u r e  
concerned  w i t h  t h e  n a t u r e  o f  c o n s t r u c t i o n a l  a p r a x i a .
The e x p e r i m e n t a l  e v id e n c e  t o  d a te  su g g e s ts  t h a t  c o n s t r u c t i o n a l  
a p r a x i a  i s  u s u a l l y  a s s o c i a t e d  w i t h  p e r c e p t u a l  d e f i c i t ,  r e g a r d l e s s  o f  
l a t e r a l i t y  o f  the  c a u s a t i v e  l e s i o n .  T he re  i s  some e v id e n c e  t h a t  
c o n s t r u c t i o n a l  a p r a x i a  i s  a s s o c i a t e d  w i t h  men ta l  im p a i rm e n t  b u t  t h e r e
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i s  no t  s t r ong  ev idence  t h a t  l e f t  hemisphere c o n s t r u c t i o n a l  d i s a b i l i t y  
r e s u l t s  from a p lanning  or  conceptua l  d i s o r d e r .  The empi r i ca l  e v i ­
dence concerning the  r o l e  of  p e r ce p t ua l  and p lanning  f a c t o r s  in 
c o n s t r u c t i o n a l  a p r ax i a  w i l l  be cons i de r e d  s e p a r a t e l y .
2 . 2 . 1  The r o l e  of  pe r ce p t ua l  f a c t o r s  in c o n s t r u c t i o n a l  ap rax i a
A number of  e a r l y  i n v e s t i g a t o r s  r e p o r t e d  case  s t u d i e s  in which 
c o n s t r u c t i o n a l  a p r ax i a  was accompanied by pe r ce p t ua l  d e f i c i t s  ( e . g .  
van der  Hor s t ,  1932a,  b; Mayer-Gross ,  1936; S t e n ge l ,  1944; Pa te r son  
& Zangwi l l ,  1944, 1945; McFie,  P i e r cy  & Zangwi11, 1950; E t t l i n g e r ,  
Warr ington & Zangwi l l ,  1957; Hdcaen,  De A j u r i a g u e r r a  & Massonnet ,
1951)* Since t h e s e  r e p o r t s ,  t he  importance of  pe r cep t ua l  f a c t o r s  
in c o n s t r u c t i o n a l  a p r ax i a  has been conf i rmed by l a rge  group s t u d i e s .  
However,  the hypo t he s i s  t h a t  p e r ce p t ua l  problems would be s p e c i f i c a l l y  
a s s o c i a t e d  wi th r i g h t  hemisphere and not  l e f t  hemisphere c o n s t r u c t i o n a l  
a p r a x i a  has r ece ived  l i t t l e  e mp i r i ca l  s up p o r t .
One o f  the f i r s t  exper i ment a l  s t u d i e s  of  the r o l e  of  percep tua l  
impairment  in c o n s t r u c t i o n a l  a p r ax i a  was r epor t ed  by P i e r cy  and 
Smyth (1962) .  These au t ho r s  p o s t u l a t e d  t h a t  i f  pe r cep t ua l  dys func t i on  
were s p e c i f i c a l l y  a s s o c i a t e d  wi th  r i g h t  hemisphere c o n s t r u c t i o n a l  
a p r a x i a ,  then r i g h t  but  not  l e f t  hemisphere c o n s t r u c t i o n a l  a p r ax i c s  
should e x h i b i t  poorer  p e r ce p t ua l  per formance than t h e i r  non a p r ax i c  
c o u n t e r p a r t s .  However,  the a u t h o r s  found t h a t  pe r ce p t ua l  performance 
of  c o n s t r u c t i o n a l  a p r a x i c s  was poorer  than t h a t  of  the  n o n - c o n s t r u c t i o n -  
a l - a p r a x i c s  r e g a r d l e s s  of  the  hemisphere of  the l e s i o n .  The main 
' p e r c e p t u a l '  t e s t  employed in t h i s  s tudy  was the  Raven' s  P r og r e s s i ve  
Ma t r i ce s  a l t hough  f i n d i n g s  were s i m i l a r  f o r  the P i c t u r e  Complet ion t e s t  
o f  the  WAIS. Ar r igoni  and De Renzi (1964) and Ga i n o t t i  and Tiacci  (1972,
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c i t e d  by Arena & G a i n o t t i ,  1978 ) ,  a l s o  employed th e  Raven 's  P r o g r e s ­
s i v e  M a t r i c e s  as a t e s t  o f  p e r c e p t u a l  a b i l i t y  and found t h a t  bo th  
l e f t  and r i g h t  c o n s t r u c t i o n a l  a p r a x i c s  d e m o n s t ra te d  p o o r e r  p e r c e p t u a l  
a b i l i t y  than the  c o r r e s p o n d i n g  n o n - c o n s t r u c t i o n a 1- a p r a x i c  g ro u p .
The v a l i d i t y  o f  e m p lo y in g  the  R aven 's  P r o g r e s s i v e  M a t r i c e s  as a 
measure o f  p e r c e p t u a l  a b i l i t y  m ig h t  be q u e s t i o n e d .  As W a r r i n g t o n ,
James and K insbou rne  (1966)  and De Renzi  and F a g l i o n i  (1987) have 
p o i n t e d  o u t ,  t he  Raven 's  P r o g r e s s i v e  M a t r i c e s  has a h ig h  g e n e ra l  i n t e l l ­
igence  l o a d i n g  and c o n s e q u e n t l y  a f a i l u r e  on th e  t e s t  m ig h t  r e f l e c t  
p e r c e p t u a l  o r  men ta l  im p a i r m e n t ,  th e  u n d e r l y i n g  im pa i rm en t  p o s s i b l y  
d i f f e r i n g  depend ing  on t h e  l a t e r a l i z a t i o n  o f  th e  l e s i o n .  However ,
Dee (1970)  employed two p e r c e p t u a l  t a s k s  t h a t  d i d  n o t  depend h e a v i l y  
on i n t e l l e c t u a l  a b i l i t y .  The f i r s t  t a s k  was a t e s t  o f  fo rm  d i s c r i m i n ­
a t i o n ,  t e i n g  a m u l t i p l e  c h o i c e  v e r s i o n  o f  the  Benton V i s u a l  R e t e n t i o n  
T e s t  (BVRT). The second t a s k  was chosen as a t e s t  o f  " h i g h e r  l e v e l  
p e r c e p t u a l  a b i l i t y " .  I t  was a s l i g h t l y  m o d i f i e d  v e r s i o n  o f  the 
M inneso ta  Paper Form Board t e s t  in  w h ic h  th e  s u b j e c t  was asked t o  
d e t e r m in e  w h ich  o f  f i v e  a l t e r n a t i v e  fo rm s  wou ld  be produced  by c om b i ­
n in g  p a r t i c u l a r  p a r t - f i g u r e s .  Dee found  t h a t  t h e  pe r fo rm a n c e  on bo th  
p e r c e p t u a l  t a s k s  was p o o r e r  f o r  t h e  c o n s t r u c t i o n a l  a p r a x i c  group than 
th e  n o n - c o n s t r u c t i o n a l - a p r a x i c  g r o u p .  T h i s  was the  case r e g a r d l e s s  o f  
the s i d e  o f  the  h e m i s p h e r i c  l e s i o n .  On ly  f o u r  o f  the  f o r t y  c o n s t r u c ­
t i o n a l  a p r a x i c s  were r e p o r t e d  as showing " a d e q u a t e "  p e r c e p t u a l  p e r f o r ­
mance a l t h o u g h  th e  d e f i n i t i o n  o f  " a d e q u a t e "  was c o n s e r v a t i v e ,  b e in g  
th o s e  peop le  who s co red  g r e a t e r  than t h e  c o n t r o l  group  mean. Dee 
con c lu d e d  t h a t  v i s u o c o n s t r u c t i v e  f a i l u r e  u s u a l l y  r e f l e c t s  an u n d e r ­
l y i n g  p e r c e p t u a l  p rob lem  r e g a r d l e s s  o f  th e  l a t e r a l i t y  o f  t he  l e s i o n .  
Arena and G a i n o t t i  (1978) reached  a s i m i l a r  c o n c l u s i o n  u s in g  the  BVRT
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as an index  o f  p e r c e p t u a l  a b i l i t y .  Dee and Benton (1970)  r e p o r t e d  
e x a c t l y  p a r a l l e l  f i n d i n g s  when a t e s t  o f  t a c t i l e  d i s c r i m i n a t i o n  was 
used.  T h i s  led them t o  s ugges t  t h a t  t h e  p e r c e p t u a l  d i s a b i l i t y  was 
not  s p e c i f i c  t o  t h e  v i s u a l  m o d a l i t y .  However ,  th e  a u t h o r s  acknow­
ledged  t h a t  t h e i r  f i n d i n g  was c o m p l i c a t e d  by t he  f a c t  t h a t  th e  t a c t i l e  
t a s k  i n c o r p o r a t e d  an e le m en t  o f  v i s u a l  d i s c r i m i n a t i o n  a t  t h e  response 
s t a g e .
The p o s s i b i l i t y  t h a t  t h e r e  may be two k i n d s  o f  c o n s t r u c t i o n a l  
d i s a b i l i t y  in  t he  l e f t  h e m is p h e re ,  one o f  a p e r c e p t u a l  o r i g i n  a s s o c i ­
a te d  w i t h  the  p o s t e r i o r  r e g i o n  o f  t h e  b r a i n  and th e  o t h e r  o f  a 
n o n - p e r c e p t u a 1 o r i g i n  a s s o c i a t e d  w i t h  t he  a n t e r i o r  r e g i o n  o f  t he  
b r a i n  has r e c e i v e d  l i t t l e  a t t e n t i o n  in  t he  l i t e r a t u r e .  However ,  i t  is  
r a i s e d  by t he  f i n d i n g s  o f  De Renzi and F a g l i o n i  ( 1 9 6 7 ) .
These a u t h o r s  a d m i n i s t e r e d  two " p e r c e p t u a l "  t e s t s  t h a t  th ey  
b e l i e v e d  d i d  n o t  r e l y  on g e n e ra l  i n t e l l i g e n c e .  The f i r s t  t a s k  was an 
" i n v e r t e d  s c r a w l s "  t e s t  in  w h ic h  th e  p a t i e n t  was shown n in e  s e p a r a t e  
s c r a w l s  on a c a r d .  He was then  shown an i n v e r t e d  v e r s i o n  o f  one o f  
t h e  s c r a w l s  and asked t o  l o c a t e  the  o r i g i n a l  u n i n v e r t e d  f i g u r e  on the  
c a r d .  The second " p e r c e p t u a l "  t a s k  r e q u i r e d  the  p a t i e n t  t o  copy th e  
p o s i t i o n  o f  a number o f  c r o s s e s  on a c a r d .  T h i s  t a s k  c o n t a i n s  a 
g raphom o to r  e lem en t  and hence i t s  s t a t u s  as a p u r e l y  p e r c e p t u a l  t a s k  
m ig h t  be q u e s t i o n e d .  However ,  th e  r e s u l t s  f o r  the  two t a s k s  were 
s i m i l a r .  I t  was found  t h a t  r i g h t  hem isphere  c o n s t r u c t i o n a l  a p r a x i c s  
p e r fo rm e d  more p o o r l y  than  r i g h t  hem isphere  n o n - c o n s t r u c t i o n a l - a p r a x i c s  
on b o th  s p a t i a l  t a s k s .  T h i s  r e l a t i o n s h i p  p e r t a i n e d  bo th  f o r  groups  
w i t h  v i s u a l - f i e l d  d e f e c t s  and f o r  g roups  w i t h o u t  v i s u a l - f i e l d  d e f e c t s .
However ,  th e  p a t t e r n  was d i f f e r e n t  f o r  t he  l e f t  hem isphere  p a t i e n t s .  
On ly  f o r  p a t i e n t s  w i t h  a v i s u a l  f i e l d - d e f e c t  was th e  s p a t i a l  pe r fo rm ance
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worse  f o r  the  c o n s t r u c t i o n a l  a p r a x i c  than  f o r  t he  n o n - c o n s t r u c t i o n a l -  
a p r a x i c  g ro u p .  The re  was no d i f f e r e n c e  between the  two g roups  when 
the  com par ison  was r e s t r i c t e d  t o  p a t i e n t s  w i t h o u t  a v i s u a l - f i e l d  d e f ­
i c i t .  I f ,  in  t h e  absence o f  r a d i o l o g i c a l  e v id e n c e  o f  th e  loc us  o f  
t he  l e s i o n ,  a v i s u a l  f i e l d - d e f e c t  c o u ld  be taken  t o  i m p l i c a t e  r e t r o -  
R o la n d i c  i n v o l v e m e n t ,  th e s e  f i n d i n g s  sugges t  th e  c o p y in g  d e f i c i t  
f o l l o w i n g  p o s t e r i o r  l e f t  l e s i o n  may be caused by p e r c e p t u a l  d e f i c i t  
b u t  th e  a n t e r i o r  d e f i c i t  i s  m ed ia ted  by some o t h e r  n o n - p e r c e p t u a l  
mechanism.  T h i s  f i n d i n g  m ig h t  be seen as c o n s i s t e n t  w i t h  the  r e s u l t s  
o f  an e a r l i e r  s t u d y  by Costa and Vaughan (1 9 6 2 ) .  A f t e r  p o i n t i n g  o u t  
t h a t  t he  d i s o r d e r  u n d e r l y i n g  poor  p e r fo rm a n c e  on a p a r t i c u l a r  t e s t  may 
depend on t h e  group  t o  w h ic h  i t  i s  a d m i n i s t e r e d ,  Costa and Vaughan 
(1962)  c o n s i d e r e d  the  p a t t e r n  o f  i n t e r c o r r e l a t i o n s  between f o u r  t e s t s  
s e p a r a t e l y  f o r  n o r m a l ,  l e f t  and r i g h t  hem isphe re  sam ples .
The ta s k s  employed ( M i l l  H i l l  V o c a b u la r y  S c a l e ,  Knox Cubes, 
Raven ' s  P r o g r e s s i v e  M a t r i c e s  and WAIS B lo c k  Des ign )  were a l l  measures 
o f  i n t e l l e c t u a l  a b i l i t y  in  no rm a ls  b u t  d i f f e r e d  in  th e  degree  o f  
p e r c e p t u a l ,  m o to r  and v e r b a l  i n v o l v e m e n t  r e q u i r e d  f o r  t h e i r  s o l u t i o n .  
As m ig h t  be e x p e c t e d ,  i n t e r c o r r e l a t i o n s  were h ig h  between a l l  t e s t s  
f o r  the  normal  g r o u p .  The r i g h t  l e s i o n  group  showed h ig h  c o r r e l a t i o n s  
between " p e r c e p t u a l "  (R aven 's  P r o g r e s s i v e  M a t r i c e s )  and " m o t o r "  t e s t s  
(Knox Cubes, WAIS B lo c k  Des ign )  w i t h  a low e r  c o r r e l a t i o n  between th e  
" v e r b a l "  ( M i l l  H i l l  S c a le )  and " p e r c e p t u a l "  and " m o t o r "  t e s t s .  T h i s  
lo w er  c o r r e l a t i o n  i s  i m p o r t a n t  in  t h a t  i t  s u g g e s ts  t h a t  t h e  h ig h  
c o r r e l a t i o n  between th e  " p e r c e p t u a l "  and " m o t o r "  t a s k s  i s  n o t  s o l e l y  
a r e f l e c t i o n  o f  i n t e l l e c t u a l  a b i l i t y .  F i n a l l y ,  the  l e f t  l e s i o n  group 
d i d  n o t  show h ig h  c o r r e l a t i o n s  between pe r fo rm a n c e  on the  " m o t o r "  and 
" p e r c e p t u a l "  t a s k s .  Indeed ,  t h e  h i g h e s t  c o r r e l a t i o n  f o r  t h i s  g roup
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was between the  V o c a b u la r y  and Raven 's  P r o g r e s s i v e  M a t r i c e s  t a s k s .
The a u t h o r s  sugges t  t h a t  t he  p a t i e n t  w i t h  r i g h t  hem isphere  d i s e a s e  
s u f f e r s  f r om  a c o n s t r u c t i o n a l  d e f i c i t  t h a t  i s  " p a r t  o f  a l a r g e r  
p a t t e r n  o f  v i s u a l  s p a t i a l  d e f i c i t s "  (p .  167) whereas "a  s i n g l e  common 
f a c t o r  o f  i m p a i r m e n t "  (p .  166) was n o t  a p p a r e n t  in  th e  p a t t e r n  o f  
pe r fo rm a n c e  by th e  l e f t  hem isphere  p a t i e n t s .
However ,  u s in g  the  g r a p h i c a l  and p e r c e p t u a l  fo rms o f  t he  BVRT,
Arena and G a i n o t t i  (1978)  found  a h i g h e r  c o r r e l a t i o n  between p e r c e p ­
t u a l  and g r a p h i c a l  pe r fo rm a n c e  in  l e f t  hem isphe re  than r i g h t  hem is ­
phe re  p a t i e n t s .  They su g g e s t  t h a t  th e  d i f f e r e n c e  between t h e i r  f i n d i n g s  
and th ose  o f  Costa and Vaughan (1962)  may l i e  in  t h e  f a c t  t h a t  th e  
l a t t e r  must have e x c lu d e d  a p h a s i c  p a t i e n t s ,  who in  Arena and G a i n o t t i ' s  
s t u d y  were the  o n l y  l e f t  hem isphe re  p a t i e n t s  t o  p e r f o r m  p o o r l y  on 
p e r c e p t u a l  and g r a p h i c a l  t a s k s .  C l e a r l y ,  t he  q u e s t i o n  o f  w h e th e r  
t h e r e  a re  two s e p a r a t e  t y pes  o f  v i s u o c o n s t r u c t i v e  d i s o r d e r  in  l e f t  
hem isphe re  l e s i o n s  depend ing  on the  l o c u s  o f  l e s i o n  r e q u i r e s  f u r t h e r  
i n v e s t i g a t i o n .  I t  i s  p o s s i b l e  t h a t  because o f  t he  r e l a t i v e l y  i n ­
f r e q u e n t  o c c u r r e n c e  o f  l e f t  a n t e r i o r  c o n s t r u c t i o n a l  a p r a x i a  (see B la c k  
& S t r u b ,  1976) ,  t he  p a t t e r n  o f  p e r fo rm a n c e  in  t h e s e  p a t i e n t s  i s  
obscu red  in  l a r g e  group a n a l y s e s .
Few s t u d i e s  have been conce rned  w i t h  i d e n t i f y i n g  th e  p a r t i c u l a r  
p ro c e s s e s  w h ic h  m ig h t  u n d e r l y  t h e  p e r c e p t u a l  d i f f i c u l t i e s  seen in 
c o n s t r u c t i o n a l  a p r a x i c s .  One e x c e p t i o n  t o  t h i s  i s  a s t u d y  by B e l l e z a ,  
R a p p a p o r t ,  Hopk ins  and H a l l  ( 1979 ) *  These a u t h o r s  s t u d i e d  m a tc h in g  
a b i l i t y  and v i s u a l  s c a n n in g  p a t t e r n s  in  tw e n ty  p a t i e n t s  w i t h  c o p y in g  
d i s a b i l i t y  and in  seven normal  c o n t r o l s .  A l t h o u g h  the  d i f f e r e n c e  
in  m a tc h in g  p e r fo rm anc e  o f  th e  p a t i e n t  and normal  group  j u s t  f a i l e d  
t o  reach s i g n i f i c a n c e ,  t h e r e  was a s i g n i f i c a n t  c o r r e l a t i o n  between
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Bender G e s t a l t  copying per formance and Bender G e s t a l t  matching 
per formance.  The copying and pe r c e p t ua l  s co res  a l s o  c o r r e l a t e d  
h i gh l y  wi th  c e r t a i n  measures of  v i sua l  e x p l o r a t i o n  inc l ud i ng  the 
t ime taken to l o c a t e  the  most i n f o r ma t i ve  a r ea  in a p i c t u r e  and the 
number o f  f i x a t i o n s  of  the p i c t u r e .  There were s i g n i f i c a n t  d i f f e r ­
ences  in the e x p l o r a t i o n  p a t t e r n s  of  the  drawing d i s a b l e d  p a t i e n t s  
and the con t ro l  s u b j e c t s  a l t hough  the  absence  of  a b r a i n  damaged group 
wi t hou t  copying impairment  means t h a t  t h i s  d i f f e r e n c e  is  d i f f i c u l t  to 
i n t e r p r e t .
A second s tudy  which has a t t empt ed  to  i d e n t i f y  the  s p e c i f i c  
r a t h e r  than the broad d i s o r d e r s  a s s o c i a t e d  wi th  c o n s t r u c t i o n a l  a p r ax i a  
was r epor t ed  by B u t t e r s  and Barton (1970) and B u t t e r s ,  Barton and 
Brody (1970) .  These a u t h o r s  found t h a t  " p a r i e t a l "  p a t i e n t s  were 
impaired r e l a t i v e  to " n o n - p a r i e t a  1" p a t i e n t s  on t a s k s  t h a t  r equ i r e d  
the  a b i l i t y  to  imagine a scene or  a p a t t e r n  in a d i f f e r e n t  p e r s p e c t i v e  
or  o r i e n t a t i o n  to  the  one in which i t  was p r e s e n t e d ,  They sugges ted 
t h a t  t h i s  d i f f i c u l t y  in "pe r forming  r e v e r s i b l e  o p e r a t i o n s  in space"  
may e xp l a i n  c o n s t r u c t i o n a l  d e f e c t s  a s s o c i a t e d  wi th  p a r i e t a l  lobe 
damage. However, t h e i r  c onc l u s i on  must be t r e a t e d  wi th some c a u t i on .
One o f  t h e i r  r o t a t i o n  t a sk s  involved the r ep r oduc t i on  of  a s t i c k  
d e s ig n ,  but  in an i nv e r t ed  p o s i t i o n  ( " r o t a t i o n  c o n d i t i o n " ) .  In o rde r  
to  a s s e s s  i f  f a i l u r e  on the  r o t a t i o n  c o nd i t i o n  o f  the  t a sk  was a 
r e f l e c t i o n  of  "genera l  a p r a x i c  impai rment" the a u t ho r s  r eana lysed  the 
da t a  f o r  the r o t a t i o n  c o n d i t i o n s ,  exc l ud ing  those  p a t i e n t s  who made 
any e r r o r s  on a "match" form of  the  t a sk  (where t he  s u b j e c t  was r equ i r ed  
t o  copy the s t i c k  des ign  in the  u p r i g h t  p o s i t i o n ) .  Thi s  d id not  
e l i m i n a t e  the d i f f e r e n c e  between the " p a r i e t a l "  and " n o n - p a r i e t a  1" 
groups .  Given t h a t  a d e f e c t  o f  r o t a t i o n  was p r e s en t  in p a t i e n t s  who
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d i d  n o t  show a d e f e c t  o f  c o n s t r u c t i o n  on the  match fo rm  o f  the  t e s t ,  
the h y p o t h e s i s  t h a t  a d i f f i c u l t y  in  p e r f o r m i n g  r e v e r s i b l e  o p e r a t i o n s  
u n d e r l i e s  c o n s t r u c t i o n a l  im pa i rm en t  wou ld  appea r  u n j u s t i f i e d .
Not a l l  s t u d i e s  have c onc lude d  t h a t  a p e r c e p t u a l  d i s o r d e r  u n d e r ­
l i e s  c o n s t r u c t i o n a l  d i s a b i l i t y .  B o r t n e r  and B i r c h  ( i 9 6 0 )  showed t h a t  
l e s i o n  p a t i e n t s  w i t h  c o n s t r u c t i o n a l  d i f f i c u l t i e s  c o u ld  d i s c r i m i n a t e  
between b l o c k  des ig n  p a t t e r n s  b e t t e r  than th e y  c o u l d  c o n s t r u c t  them.
They conc lude d  t h a t  poor  pe r fo rm a n c e  on b l o c k  d e s ig n  c o n s t r u c t i o n a l  
t a s k s  i s  due to  an " i n a b i l i t y  t o  t r a n s l a t e  a p e r c e p t  i n t o  an a p p r o p r i ­
a t e l y  o r g a n i z e d  p a t t e r n  o f  a c t s "  (p .  5 2 ) .  S u p e r f i c i a l l y ,  B o r t n e r  and 
B i r c h ' s  f i n d i n g s  appea r  t o  c o n f l i c t  w i t h  th e  f i n d i n g s  o f  most o t h e r  
i n v e s t i g a t o r s .  In f a c t  t h i s  a p p a r e n t  d i f f e r e n c e  in  r e s u l t s  r a i s e s  
two i m p o r t a n t  i s s u e s .
The f i r s t ,  w h ic h  has a l r e a d y  been r a i s e d  in  C hap te r  1, conce rns  
the  v a l i d i t y  o f  d r a w in g  i n f e r e n c e s  abou t  " p e r c e p t i o n "  on the  b a s i s  o f  
one t e s t .  For  exam p le ,  B o r t n e r  and B i r c h ' s  c o n c l u s i o n s  t h a t  t he  
c o n s t r u c t i o n a l  im p a i rm e n t  was n o t  o f  p e r c e p t u a l  o r i g i n  seems un w a r ra n ­
t e d ,  g i v e n  t h a t  th e y  employed o n l y  one t y p e  o f  p e r c e p t u a l  t a s k  ( v i z .  
d i s c r i m i n a t i o n  between b l o c k  d e s ig n  p a t t e r n s ) .  The a r r a y  o f  t e s t s  
employed by d i f f e r e n t  a u t h o r s  in  a s s e s s i n g  p e r c e p t u a l  a b i l i t y  se rves  
as an i n d i c a t o r  o f  t he  v a r i e t y  o f  a b i l i t i e s  encompassed by the  te rm  
" p e r c e p t i o n " .  In B o r t n e r  and B i r c h ' s  s t u d y ,  i t  i s  p o s s i b l e  t h a t  p a t i e n t s  
were a b l e  t o  d i s c r i m i n a t e  between f i g u r e s  on t h e  b a s i s  o f  (say )  a 
g l o b a l  a n a l y s i s  a l t h o u g h  t h e y  may n o t  have possessed the  n e c e s s a ry  
a n a l y t i c  p e r c e p t u a l  c a p a c i t y  t o  i d e n t i f y  what  a s p e c t  o f  th e  d e s ig n  was 
d i f f e r e n t  o r  pe rhaps how each s e p a r a t e  b l o c k  r e l a t e d  t o  each o f  t he  
s u r r o u n d i n g  b l o c k s .
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T h i s  issue  was r a i s e d  in an e a r l y  case s t u d y  r e p o r t e d  by 
P a te rs o n  and Z a n g w i l l  ( 1 9 ^ ) .  These a u t h o r s  d e s c r i b e d  two p a t i e n t s  
w i t h  r i g h t  hem isphere l e s i o n s  who e x p e r i e n c e d  d i f f i c u l t y  w i t h  a l l  
b u t  th e  s i m p l e s t  c o n s t r u c t i o n a l  t a s k s .  However ,  the  a u t h o r s  r e p o r t e d  
t h a t  b o t h  p a t i e n t s  c o u ld  i d e n t i f y  g e o m e t r i c a l  f o r m s ,  make a c c u r a t e  
d i s c r i m i n a t i o n s  between " s i m i l a r "  p a t t e r n s  and i n t e r p r e t  complex 
p i c t u r e s .  On the  o t h e r  hand the  p a t i e n t s  p e r fo rm e d  p o o r l y  on what  
were  seen as h i g h e r  l e v e l  p e r c e p t u a l  t a s k s  i n c l u d i n g  a c u b e - a n a l y s i s  
t e s t  w h ic h  r e q u i r e d  the  p a t i e n t  t o  c a l c u l a t e  how many cubes were 
needed t o  form a l a r g e r  cube and paper  c u t t i n g  and l e t t e r  c o m p l e t i o n  
t e s t s  as w e l l  as the Raven 's  P r o g r e s s i v e  M a t r i c e s .  T h i s  led  P a t t e r s o n  
and Z a n g w i l l  (19^*0 t o  p o s t u l a t e  t h a t  in  t h e i r  p a t i e n t s ,  t he  p a s s i v e  
o r  " i m p l i c i t  awareness o f  s p a t i a l  r e l a t i o n s h i p "  was u n a f f e c t e d  b u t  
t h a t  t h e  a c t i v e  o r  " e x p l i c i t  a n a l y s i s  o f  s p a t i a l  s t r u c t u r e "  was de ­
f i c i e n t .  T h is  i m p o r t a n t  p o i n t  has l a r g e l y  been ig n o re d  by subsequen t  
i n v e s t i g a t o r s .
The second i s s u e  r a i s e d  by a c o n s i d e r a t i o n  o f  t he  B o r t n e r  and 
Bi r ch  ( I 9 6 0 )  s tu d y  i s  a m e t h o d o l o g i c a l  one.  Most i n v e s t i g a t o r s  have 
based t h e i r  c o n c l u s i o n s  on a s t a t i s t i c a l  com par ison  o f  th e  p e r c e p t u a l  
p e r fo rm a n c e  o f  groups  w i t h  and w i t h o u t  c o n s t r u c t i o n a l  a p r a x i a .  B o r t n e r  
and B i r c h  ( i 960) ,  however ,  d i r e c t l y  compared each i n d i v i d u a l  s u b j e c t ' s  
" p e r c e p t u a l "  pe r fo rm anc e  w i t h  h i s  c o n s t r u c t i o n a l  p e r fo r m a n c e .  T h i s  
was a c h ie v e d  by r e q u i r i n g  the  p a t i e n t  t o  choose w h ic h  o f  f o u r  d e s i g n s ,  
i n c l u d i n g  h i s  own, c o r re s p o n d e d  t o  t he  model t h a t  had been i n c o r r e c t l y  
r e p r o d u c e d .  The f a c t  t h a t  th e  p a t i e n t  was o f t e n  a b l e  t o  choose the
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c o r r e c t  matc fJ  was ta k e n  as e v id e n c e  t h a t  th e  c o n s t r u c t i o n a l  p e r f o r ­
mance c o u ld  n o t  be e x p l a i n e d  by poor  p e r c e p t u a l  p e r fo r m a n c e .
However ,  th e  f a c t  t h a t  t he  c o n s t r u c t i o n a l  p e r fo rm anc e  o f  
i n d i v i d u a l s  i s  worse  than  t h e i r  p e r c e p t u a l  pe r fo rm a n c e  does no t  e s ­
t a b l i s h  the  absence o f  a p e r c e p t u a l  d e f i c i t .  I t  may be t h a t  t he  
s u b j e c t s  a re  i m p a i r e d  b o t h  p e r c e p t u a l l y  and in  a d d i t i o n a l  s k i l l s  
r e q u i r e d  f o r  c o n s t r u c t i o n .  Only  w i t h  th e  c o l l e c t i o n  and a n a l y s i s  o f  
a p p r o p r i a t e  c o n t r o l  d a ta  wou ld  i t  be p o s s i b l e  t o  r e s o l v e  t h i s  i s s u e .
2 . 2 . 2  The r o l e  o f  " e x e c u t i v e "  p rob lem s  in  c o n s t r u c t i o n a l  a p r a x i a
Many a u t h o r s  have sugges te d  t h a t  c o n s t r u c t i o n a l  a p r a x i a  may, 
p a r t i c u l a r l y  in  t h e  case o f  l e f t  hem isphe re  l e s i o n s ,  r e s u l t  f rom an 
e x e c u t i v e  d e f e c t .  One d i f f i c u l t y  in  i n t e r p r e t i n g  these  s t u d i e s  
a r i s e s  f rom th e  f a i l u r e  o f  a u t h o r s  t o  s p e c i f y  wha t  th e y  mean by th e  
te rm  " e x e c u t i v e  d e f e c t " .  In some cases i t  wou ld  seem t h a t  i t  used 
t o  r e f e r  t o  any d e f e c t  o f  pe r fo rm a n c e  w i t h o u t  r e g a rd  t o  t h e  mechanism 
u n d e r l y i n g  the  d e f e c t  ( p r o v i d i n g  t h a t  i t  i s  n o t  v i s u o s p a t i a l ) .  O the rs  
use th e  te rm t o  im p ly  a c o n c e p tu a l  o r  h i g h  l e v e l  p rob lem  such as 
p l a n n i n g  a sequence o f  movements,  w h i l e  o t h e r s  a p p a r e n t l y  use th e  
te rm  t o  im p ly  a lo w e r  l e v e l  d e f e c t  o f  e x e c u t i o n  ex p res s ed  as a d i f f i ­
c u l t y  in  p e r f o r m i n g  s i n g l e  o r  s i m p l e  v o l u n t a r y  movements.
The re  i s  l i t t l e  e m p i r i c a l  i n f o r m a t i o n  c o n c e r n i n g  t h e  a b i l i t y  o f  
c o n s t r u c t i o n a l  a p r a x i c s  t o  p e r f o r m  s i m p l e  v o l u n t a r y  movements r e q u i r i n g
A c t u a l l y ,  the p a r t i c u l a r  t e c h n i q u e  employed d i d  n o t  c o r r e c t  f o r  
chance .  Most s u b j e c t s  f a i l e d  no more th an  2 o f  t he  10 c o n s t r u c t i o n a l  
d e s i g n s .  Only  th o s e  i tems f a i l e d  were t e s t e d  w i t h  t h e  p e r c e p t u a l  
fo rm  o f  the  t a s k ,  and t h e r e  was a 25% p r o b a b i l i t y  o f  o b t a i n i n g  a 
c o r r e c t  r e s u l t  by chance.
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a minimum o f  s p a t i a l  o r  p l a n n i n g  a b i l i t i e s .  However ,  W a r r i n g t o n  e t  a l . 
(1966) have obse rved  t h a t  p a t i e n t s  w i t h  d ra w in g  d e f i c i t  seem a b l e  t o  
copy s i m p l e  one and two l i n e  e le m e n ts  and have t h e r e f o r e  sugges te d  
t h a t  c o p y in g  d i s a b i l i t y  i s  n o t  t he  r e s u l t  o f  a " l o w e r  o r d e r  m o to r  
d e f i c i t "  (p .  7 8 ) .  T h i s  p o s i t i o n  i s  somewhat m o d i f i e d  by W a r r i n g t o n  
(1969) when she s u g g e s ts  t h a t  l e f t  hem isphe re  c o n s t r u c t i o n a l  a p r a x i a  
may be a consequence o f  a h e te roge neous  g roup  o f  d e f e c t s  o f  w h ich  
" p o o r  v o l u n t a r y  c o n t r o l  o f  f i n e  m o to r  movement" (p .  8 l )  may be one.
Somewhat more a t t e n t i o n  has been d i r e c t e d  toward  th e  r o l e  o f  
" p l a n n i n g "  d e f i c i t  in  c o n s t r u c t i o n a l  a p r a x i a  a l t h o u g h ,  l i k e  many o t h e r  
te rms in  t h e  l i t e r a t u r e  t h e  c o n c e p t  o f  p l a n n i n g  has n o t  been e l a b o r a t e d .
H£caen and Assa l  (1970)  were conce rned  w i t h  a b i l i t y  o f  t h e i r  
p a t i e n t s  t o  p la n  a sequence o f  c o n s t r u c t i o n a l  a c t s .  They p o s t u l a t e d  
t h a t ,  i f  l e f t  hem isphere  c o n s t r u c t i o n a l  a p r a x i c s  have d i f f i c u l t y  p l a n ­
n in g  w h i l e  r i g h t  hem isphe re  p a t i e n t s  have d i f f i c u l t y  w i t h  the  s p a t i a l  
a s p e c t s  o f  th e  t a s k ,  the  l e f t  b u t  n o t  th e  r i g h t  hem isphe re  p a t i e n t s  
s h o u ld  be a id e d  by " c u e s "  o r  " l a n d m a r k s " .  Th ree  t y pes  o f  " l a n d m a r k s "  
were p r o v i d e d .  These w e re :  a l l  b u t  t h r e e  l i n e s  o f  a cube;  the
summits o f  a cube (marked by d o t s ) ;  and the  two u n j o i n e d  squares  o f  
a Necke r  cube.  The s u b j e c t s  were r e q u i r e d  t o  c o m p le te  each f i g u r e  
t y p e .  I t  was found  t h a t  th e  l e f t  hem isphere  c o n s t r u c t i o n a l  a p r a x i c s  
b e n e f i t e d  f rom th e  cues w h i l e ,  as a g r o u p ,  t h e  r i g h t  hem isphere  p a t i e n t s  
were h i n d e r e d  by them.
These r e s u l t s  were o n l y  p a r t i a l l y  r e p l i c a t e d  by C o l l i g n o n  and 
Rondeaux (197^)  and were c o n t r a d i c t e d  by G a i n o t t i ,  M i c e l i  and 
C a l t a g i r o n e  (1977 ) *  G a i n o t t i  e t  a l .  (1977) r e p o r t e d  t h a t  t he  l e f t  
hem isphere  group  p e r fo rm e d  more p o o r l y  when landm arks  were i n t r o d u c e d ,  
w h i l e  t he  r i g h t  hem isphere  g roup  pe r fo rm a n c e  was u n a f f e c t e d  by them.
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They d i d  f i n d  t h a t  th e  l e f t  hem isphere  c o n s t r u c t i o n a l  a p r a x i c s  
c om p le ted  a g r e a t e r  number o f  m i s s i n g  l i n e s  than the  r i g h t  hem is ­
phe re  g r o u p .  However ,  the  d i f f e r e n c e  was a t t r i b u t a b l e  t o  th e  p a r t  
o f  the  f i g u r e  c o n t r a l a t e r a l  t o  t h e  damaged hemisphere  and hence was 
a s c r i b e d  t o  t h e  g r e a t e r  f r e q u e n c y  o f  u n i l a t e r a l  n e g l e c t  in  r i g h t  
hem isphe re  p a t i e n t s .
I t  i s  p o s s i b l e  t h a t  t h e  a p p a r e n t  d i s c r e p a n c y  in  t he  r e s u l t s  o f  
th e  two s t u d i e s  was due t o  t h e  f a c t  t h a t  t h e  c r i t e r i o n  f o r  e v a l u a t i n g  
the  e f f e c t  o f  landm arks  was d i f f e r e n t  f o r  th e  two s t u d i e s .  Hdcaen 
and Assal  (1970)  employed t h e  same s c o r i n g  system  to  e v a l u a t e  p r o d u c ­
t i o n s  w i t h  and w i t h o u t  la n d m a rk s ,  c a l c u l a t i n g  a d i f f e r e n c e  sco re  
between them w h ich  th e y  d e f i n e d  as t he  " e f f e c t  o f  p rog ram m at ion  [ s i c ] " .  
G a i n o t t i  e t  a l . (1977) used th e  d i s t r i b u t i o n s  o f  normal  pe r fo rm a n c e  and 
e s t a b l i s h e d  s e p a r a t e  c u t - o f f  sc o re s  f o r  p a t h o l o g i c a l  p e r fo rm anc e  on 
each o f  th e  two t a s k s  (cue and no c u e ) .  T h e r e f o r e  t h e i r  c o n c l u s i o n s  
r e f e r  t o  d i f f e r e n c e s  in  t he  number o f  p a t h o l o g i c a l  p e r fo rm anc es  r a t h e r  
th an  improvement  p e r  se.
A p o s s i b l e  d i f f i c u l t y  a r i s e s  w i t h  t he  use o f  t he  landmark 
t e c h n i q u e  f o r  i n f e r r i n g  t h e  e x i s t e n c e  o f  a programming d e f i c i t .  I t  i s  
t r u e  t h a t  t he  f r am ew ork  must reduce t h e  p l a n n i n g  l o a d ,  p a r t i c u l a r l y  
t h a t  concerned  w i t h  m o n i t o r i n g  the  e f f e c t  o f  compounding e r r o r  and 
th e  r e q u i r e m e n t  t o  ad o p t  a s y s t e m a t i c  app ro a c h .  However ,  i t  i s  a l s o  
l i k e l y  t h a t  th e  s p a t i a l  f r am ework  s u p p l i e d  c o u ld  a s s i s t  p a t i e n t s  who 
have a p e r c e p t u a l  d i f f i c u l t y .  T h i s  a m b i g u i t y  i s  i l l u s t r a t e d  by r e f e r ­
ence t o  a s tu d y  by W a r r i n g t o n  e t  a l . (1966)  who argued  t h a t  r i g h t  
hem isphe re  p a t i e n t s  s h o u ld  copy " s t r u c t u r e d "  shapes ( t h o s e  w i t h  
i n t e r n a l  l i n e s )  b e t t e r  than  " u n s t r u c t u r e d "  shapes s i n c e  th e  i n t e r n a l  
l i n e s  w ou ld  " h e l p  t o  d e f i n e  s p a t i a l  r e l a t i o n s h i p s "  (p .  7 7 ) .  (P resumab ly
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an e x t e n s i o n  of  the  same argument  would be t h a t  the ac t ua l  p r o v i s i o n  
of  the  l i ne s  - as in the  H6caen and Assal  (1970) and Ga i no t t i  e t  a l .
(1977) s t u d i e s  - would prov ide  a s p a t i a l  framework. )
An a l t e r n a t i v e  approach to  the problem would be to p rovide  
p l ann ing  a s s i s t a n c e  wi th  the  minimum of  s p a t i a l  a i d .  Such an approach 
was s uc c e s s f u l  wi th a f r o n t a l  lobe p a t i e n t  t e s t e d  by Lur ia and 
Tsvetkova (1964) .  Employing block des ign  m a t e r i a l ,  the au t ho r s  found 
t h a t  w r i t t e n  i n s t r u c t i o n s  s pe c i f y i n g  the  sequence of  o p e r a t i o n s  and 
checking  procedure  nece s sa r y  to produce a block de s i gn ,  a s s i s t e d  a 
p a t i e n t  who was comple t e ly  unable t o  copy a block des ign wi thou t  
the  i n s t r u c t i o n s .  A second approach to t he  problem would be to  dev i se  
a t e s t  t h a t  would a s s e s s  p l anning  independent l y  of  c o n s t r u c t i o n a l  
a b i l i t y .  To my knowledge no d i r e c t  t e s t  o f  p lann ing  a b i l i t y  has been 
admi n i s t e r e d  to  c o n s t r u c t i o n a l  a p r a x i c s .  However,  s eve r a l  au t ho r s  
have r epo r t e d  on the  r e l a t i o n s h i p  o f  conceptua l  and mental  impairment  
to c o n s t r u c t i o n a l  a o r a x i a .  While p l ann ing  and mental  a b i l i t y  a r e  not  
i n t e r ch a n ge a b l e  c o n c e p t s ,  i t  might  be expec ted  t h a t  a d e f e c t  in con­
cep t ua l  or  mental  a b i l i t y  as de f ined  by s t a n d a r d  t e s t s  could be 
a s s o c i a t e d  wi th  p l ann ing  problems.
As a l r e a d y  i n d i c a t e d ,  McFie and Zangwi11 (1960) showed t h a t  l e f t  
hemisphere c o n s t r u c t i o n a l  a p r ax i c s  were impaired on conceptua l  and in­
t e l l e c t u a l  t e s t s  w h i l e  r i g h t  hemisphere c o n s t r u c t i o n a l  a p ra x i c s  were no t .  
Ar r igoni  and De Renzi (1964) and Warr ington e t  a l .  (1966) have s i n c e  
used t he  method recommended by Pi e r cy  and Smyth (1962) to  examine 
whether  verbal  i n t e l l i g e n c e  is a s s o c i a t e d  wi th  c o n s t r u c t i o n a l  a p r a x i a .  
The i r  r e s u l t s  a r e  i n c o n s i s t e n t .  Ar r igoni  and De Renzi (1964) found 
t h a t  both l e f t  and r i g h t  hemisphere c o n s t r u c t i o n a l  a p ra x i c s  p e r ­
formed more poor ly  on the  Verbal  s c a l e  o f  the  WA1S than t h e i r
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n o n - c o n s t r u c t i o n a l - a p r a x i c  c o u n t e r p a r t s .  However,  when they matched 
the a p r a x i c  and non- ap r ax i c  groups (pool ing  l e f t  and r i g h t  l e s i on  
p a t i e n t s )  t h e r e  was no longer  a s i g n i f i c a n t  d i f f e r e n c e  between the 
groups .  N ev e r t h e l e s s ,  as b e f o r e ,  c l o s e r  a n a l y s i s  of  t h e i r  r e s u l t s  shows 
t h a t  the  d i f f e r e n c e  between the  two groups a c t u a l l y  reduced very l i t t l e  
(8.1 t o  7-8) a f t e r  the  matching p r ocedur e ,  i n d i c a t i n g  the  a l t e r e d  con­
c l u s i o n s  were simply an e x p r e s s i o n  of  the  reduced power of  the t e s t  
a f t e r  the  r educ t i on  in sample s i z e ,  r a t h e r  than a real  change in 
f i n d i n g s .  Warr ington e t  a l . (1966) found t h a t  verba l  IQ d i s c r i m i n a t e d  
t h e i r  l e f t  l e s i on  drawing d i s a b l e d  p a t i e n t s  from t h e i r  non- d i s ab l ed  
c o u n t e r p a r t s .  However,  t h e r e  was no d i f f e r e n c e  in verba l  IQ for  the 
r i g h t  drawing d i s a b l e d  and r i g h t  n on - d r a wi ng - d i s a b l ed  p a t i e n t s .  The 
a u t h o r s  a t t r i b u t e  t h i s  d i f f e r e n c e  to  a verbal  d e f i c i t  on the  p a r t  of  
the l e f t  hemisphere p a t i e n t s ,  r a t h e r  than a d i f f e r e n c e  in conceptual  
a b i l i t y .
Benton (1962,  1969) and Benton and Fogel (1962) were i n t e r e s t e d  
in whether  c o n s t r u c t i o n a l  a p r ax i a  might  be e x p l a i ned  in terms of  a 
genera l  mental  impairment .  They found t h a t  t h e r e  was an a s s o c i a t i o n  
between mental  impairment  and c o n s t r u c t i o n a l  d i s a b i l i t y  in t h a t  f a i l ­
ure on c o n s t r u c t i o n a l  t a s k s  was h i ghe r  fo r  me n t a l l y  impaired group 
than the  non- impai red group.  However,  over  50% of  the me n t a l l y  im­
pa i r e d  p a t i e n t s  passed the c o n s t r u c t i o n a l  t asks ,  l ead ing  Benton (1969) 
to  t e n t a t i v e l y  conclude t h a t  "General  mental  impairment  does not  neces ­
s a r i l y  lead to  d e f e c t i v e  c o n s t r u c t i o n a l  per formance" .  (p.  137)
However,  t h i s  r e s u l t  must be viewed in the con t ex t  of  the  methods em­
ployed t o  d e f in e  c o n s t r u c t i o n a l  and mental  impai rment .  C ons t r uc t i ona l  
impairment  was de f i ned  wi th  r e s pe c t  to  a c u t - o f f  po i n t  in normals .
The d e f i n i t i o n  of  mental  impairment  was based on the d i s c r epa ncy
37
between the  s u b j e c t ' s  e x p e c te d  IQ, e s t i m a t e d  f rom  age and e d u c a t i o n a l  
l e v e l ,  and h i s  o b t a i n e d  WAIS V e rba l  IQ. A d i s c r e p a n c y  l a r g e r  than 
th e  l a r g e s t  c o n t r o l  d i s c r e p a n c y  was taken  as t h e  c u t - o f f  p o i n t  f o r  
men ta l  i m p a i r m e n t .  Thus ,  in  e f f e c t  t h e  d e f i n i t i o n  o f  men ta l  i m p a i r ­
ment r e l i e s  on e s t i m a t e d  dec rem en t  in pe r fo rm a n c e  whereas th e  
d e f i n i t i o n  o f  c o n s t r u c t i o n a l  im pa i rm en t  t ak es  no ac c oun t  o f  p re m o rb id  
a b i l i t y .  One m ig h t  t h e r e f o r e  e x p e c t  t h a t  a h ig h  IQ p a t i e n t  c o u ld  
s u f f e r  a d rop  in  IQ w h ic h  a l t h o u g h  n o t  t a k i n g  him low e r  than low IQ 
n o r m a l s ,  wou ld  be d e f i n e d  as menta l  i m p a i r m e n t .  A c o r r e s p o n d i n g  
d rop  in c o n s t r u c t i o n a l  a b i l i t y  w ou ld  n o t  be d e f i n e d  as c o n s t r u c t i o n a l  
im p a i rm e n t  s i n c e  i t  wou ld  n o t  t a k e  him low enough t o  be worse than  the  
p o o r e s t  c o n t r o l .  I t  wou ld  t h e r e f o r e  be r e l e v a n t  t o  e s t a b l i s h  w h e th e r  
t h o s e  p a t i e n t s  w i t h  menta l  im pa i rm en t  and no c o n s t r u c t i o n a l  im­
p a i r m e n t ,  were o f  h i g h e r  IQ than p a t i e n t s  w i t h  men ta l  im pa i rm en t  and 
w i t h  c o n s t r u c t i o n a l  i m p a i r m e n t .
I t  wou ld  seem t h a t  w h i l e  c o n s t r u c t i o n a l  a p r a x i a  may f r e q u e n t l y  
be accompanied by men ta l  i m p a i r m e n t ,  t h e r e  i s  no c o n c l u s i v e  e v id e n c e  
c o n c e r n i n g  w h e t h e r  p l a n n i n g  o r  men ta l  im p a i rm e n t  i s  s p e c i f i c a l l y  
a s s o c i a t e d  w i t h  l e f t  hem isphere  l e s i o n s .
What then  i s  t he  so u rc e  o f  the  re p e a te d  c l a i m  t h a t  t he  l e f t  
hem isphe re  p l a y s  an " e x e c u t i v e "  r o l e  in  c o n s t r u c t i o n a l  a c t i v i t y ?  
A p p a r e n t l y ,  i t  i s  d e r i v e d  m a i n l y  f r om  an a n a l y s i s  o f  t he  q u a l i t a t i v e  
a s p e c t s  o f  l e f t  and r i g h t  hem isphe re  c o n s t r u c t i o n s .
McFie and Z a n g w i l l  ( 196O) were among the  f i r s t  t o  d e s c r i b e  th e  
d i f f e r e n c e s  between th e  c o n s t r u c t i o n a l  pe r fo rm a n c e s  o f  l e f t  and r i g h t  
hem isphe re  c o n s t r u c t i o n a l  a p r a x i c  p a t i e n t s .  They c o n t r a s t e d  th e  
" p i e c e m e a l " ,  d i s i n t e g r a t e d  and e n e r g e t i c a l l y  produced  d ra w in g s  o f  
the  r i g h t  hem isphere  p a t i e n t s ,  w i t h  t he  s i m p l i f i e d  and s l o w l y  produced
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b u t  o f t e n  " c o h e r e n t "  d r a w in g s  o f  the  l e f t  hem isphere  p a t i e n t s .  The 
te rm  " p i e c e m e a l "  was f i r s t  employed by P a te rs o n  and Zangwi 1 1 (19*+*0 
in  d e s c r i b i n g  th e  tenden c y  o f  t h e i r  two r i g h t  hem isphere  p a t i e n t s  t o  
draw " d e t a i l  by d e t a i l " .  The a u t h o r s  i n f e r r e d  f r om  t h i s  t h a t  t he  
s u b j e c t s  possessed l i t t l e  a p p r e c i a t i o n  o f  t he  p a t t e r n  as a who le  o r  
the  r e l a t i o n s h i p  between th e  d e t a i l s .
F o l l o w i n g  McFie and Z a n g w i11 ( i 9 6 0 ) ,  a number o f  a u t h o r s  have 
i n v e s t i g a t e d  th e  c h a r a c t e r i s t i c s  o f  d r a w in g s  by g roups  o f  u n s e l e c t e d  
l e f t  and r i g h t  hem isphe re  p a t i e n t s  ( P i e r c y  e t  a l . ,  I 9 6 0 ;  W a r r i n g t o n  
e t  a l . , 1966; G a i n o t t i  & T i a c c i ,  1970; C o l l i g n o n  & Rondeaux, 197*0.
The r e s u l t s  o f  these  s t u d i e s  a r e  summarized in  T a b le  2 - 3 .  In gene ra l  
i t  can be seen t h a t  t h e  l e f t  hem isphe re  p a t i e n t s  a re  r e p o r t e d  t o  
s i m p l i f y  and t o  p roceed in  an " i l l o g i c a l "  manner .  They a r e  s a i d  t o  
p roduce  more r i g h t  a n g l e s ,  t o  i n c r e a s e  a n g le  s i z e  and round o f f  
a n g l e s .  They have more d i f f i c u l t y  w i t h  the  r i g h t  s i d e  o f  the  p a t t e r n .  
They p roduce  c o p ie s  more s l o w l y  than  the  r i g h t  hem isphe re  p a t i e n t s  
and b e n e f i t  f r om  p r a c t i c e .  R i g h t  hem isphere  p a t i e n t s  on the  o t h e r  
hand ,  a l t e r  s p a t i a l  r e l a t i o n s  and th e  o r i e n t a t i o n  o f  t he  f i g u r e ,  draw 
more s t r o k e s ,  p roduce  fe w e r  r i g h t  a n g le s  than t h e  model and dec rease  
a n g le  s i z e .  They tend  t o  n e g l e c t  and e x p e r i e n c e  more d i f f i c u l t y  w i t h  
t he  l e f t  hand s i d e  o f  t h e  f i g u r e  and tend  t o  p roduce  v e r t i c a l l y  
a s y m m e t r i c  f i g u r e s .  F i n a l l y ,  t hey  add i r r e l e v a n t  w r i t i n g  t o  the  
copy and draw e n e r g e t i c a l l y  w i t h o u t  r e f e r e n c e  t o  t he  mode l .
The e v id e n c e  c o n c e r n i n g  the  " p i e c e m e a l "  a p p ro a c h ,  a t t r i b u t e d  by 
McFie and Z a n g w i11 ( i 960 ) t o  th e  r i g h t  hem isphere  c o n s t r u c t i o n a l  
a p r a x i c s ,  is  i n c o n s i s t e n t .  G a i n o t t i  and T i a c c i  (1970)  found  i t  t o  be 
more a s s o c i a t e d  w i t h  r i g h t  than  l e f t  l e s i o n s .  C o l l i g n o n  and Rondeaux 
(197*+) c l a im e d  the  r e v e r s e .  ( i n  f a c t ,  when the  a p p r o p r i a t e  s t a t i s t i c a l
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TABLE 2-3
C haracterist ics  of  drawing as a function of  hemisphere lesion
STUDIES
P ie r c y ,
McFie £ Hdcaen £ 
Zangwi l l  De A ju r ia g e u r ra  
( I960) ( I960)
Ar r igo n i  
£ De Renzi 
096*0
War r i n g t o n , 
James £
Ki nsbourne 
(1966)
De Renzi 
£ Fag 1 ion i  
(1967)
G a in o t t i  
£ T ia c c i  
(1970)
C o l l ig n o n  
£ Rondeaux
(197*0
Ko £ 
Hung
(1963)
CHARACTERISTICS
S im p l i f i e d L L L L L
Number o f  s trokes R R* R
Overscore «= NS *= NS
A l te re d  s p a t ia l  
re la t i o n s
R R R
Fau l ty  o r ie n ta t i o n R R *= NS
* *
R R R
"Piecemeal"  approach 
“ Haphazard" bu i ldup
R R L
Number o f  r i g h t  angles
More r i g h t  angles than 
mode 1
L L
Less r i g h t  angles than 
mode 1
R R
Angle s ize  > model L ■ NS L
Angle s ize  < model R
Rounding o f f  angles L
A l te re d  s ize *  NS NS
Increased s ize -  NS
Neglect R
trie
R R R R
Asymmetry (exc lud ing  
neg lec t)
* *
R R
More d i f f i c u l t y  w i th  
RHS
L
More d i f f i c u l t y  w i th  
LHS
R
" C lo s in g - in " L « NS = NS
Scrawling -  NS
1r re le v a n t  w r i t i n g
* *
R
Gaps ( f a i l u r e  to j o i n  
1ines)
■= NS
Crossing 1ines = NS
B e n e f i t  from p ra c t ic e L
Copy b e t te r  than free  
drawing
L
Slow L L
E n e rg e t ic l  rap id R R
No re fe rence to  model R
R -  Reported to  be grea ter /m ore  f r e q u e n t l y  seen in r i g h t  
hemisphere p a t ie n ts  (o r r i g h t  c o n s t ru c t io n a l  a p rax ics )  
than l e f t  hemisphere p a t ie n ts  (o r  l e f t  c o n s t ru c t io n a l  
a p r a x i c s ) .
L -  Reported to be grea ter /m ore  f re q u e n t l y  seen in l e f t
hemisphere p a t ie n ts  (o r  l e f t  c o n s t ru c t io n a l  aprax ics )  
than r i g h t  hemisphere p a t ie n ts  (o r  r i g h t  c o n s t ru c t io n a l  
aprax ics)  .
“  -  Reported to be no d i f f e r e n c e  between l e f t  hemisphere
p a t ie n ts  (o r  l e f t  c o n s t ru c t io n a l  a p ra x ics )  and r i g h t  
hemisphere p a t ie n ts  (o r  r i g h t  c o n s t ru c t io n a l  a p r a x ic s ) .
*  P < .05
* *  p < .01
NS p > .05
Absence o f  
i n d i c a te s  1 
r e p o r t e d .
p r o b a b i l i t y  •'•ymb^l 
s t a t i s t i c a l  te s ts  not
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t e s t  i s  conducted on t h e i r  d a t a ,  t h e r e  is no s i g n i f i c a n t  d i f f e r e n c e
between the  two hemisphere g roups . )
Warr ington e t  a l .  (1966) found t h a t  p a t i e n t s  wi th  l e f t  s ided
l e s i o ns  made l e s s  use of  i n t e r n a l  s t r u c t u r e  than r i g h t  s ided  p a t i e n t s .
"The r i g h t  s ided  cases  seemed b e t t e r  ab l e  to  ana l yse  
the  model in terms o f  i t s  c o n s t i t u e n t  p a r t s .  The l e f t  
s i ded  case  found d i f f i c u l t y  in t h i s  a n a l y s i s ,  but  might  
s t i l l  produce an a c c e p t a b l e  copy by s l a v i s h l y  producing 
the  va r i ous  l i n e s  w i t hou t  l og i ca l  sequence"
Here Warr ington e t  a l . (1966) seem to  be us ing the  term " a n a l y s i s
<nto components" in the  sense  of  a n a l ys i ng  the  form i n t o  meaningful
m u l t i - l i n e  u n i t s .  However,  i t  is not  c l e a r  what the  a u t ho r s  mean
when they use such e x p r e s s i o n s  as "wi t hou t  l og i c a l  sequence" .  For
i n s t a n c e  an approach t h a t  does not  make use of  i n t e r n a l  l i n e s  or  a
framework fo r  c o n s t r u c t i n g  a f i g u r e  can s t i l l  be s y s t e m a t i c .
Semenza,  Denes,  D'Urso,  Romano and Montorsi  (1978) were more
c a r e f u l  to  d e f i n e  t h e i r  t e rms .  They de f ined  two s t r a t e g i e s .  One
was a " g l o b a l "  or  " h o l i s t i c "  s t r a t e g y  and the  o t h e r  an " a n a l y t i c "
s t r a t e g y .  The globa l  s t r a t e g y  was de f i ned  as one in which the c o p i e r
"proceeds  by f i r s t  c o n s t r u c t i n g  the  e x t e r n a l  o u t l i n e  
or  the f u l l  i n t e r n a l  framework of  the  des igns  and 
then proceeds  t o  f i l l  in the mi ss ing  d e t a i l s . "  (p.  404)
The a n a l y t i c  s t r a t e g y  i s  one in which t he
" r e c o n s t r u c t i o n  proceeds  segment by segment ,  s t a r t i n g  
wi t h  a d e t a i l  o r  an e x t r e m i t y ,  the  c o n s t r u c t i o n a l  
sequence goes uni formly  from r i g h t  to l e f t  [ s i c ]  
o r  from top to  bot tom,  w i t h o u t  g i v i ng  precedence  
to  f e a t u r e s  o f  the  main framework of  the  des ign  
as opposed t o  o t h e r  d e t a i l s . "  (p.  405)
They assumed t h a t  p a t i e n t s  wi t h  programming problems would use the
a n a l y t i c  approach.
In f a c t ,  they found no d i f f e r e n c e  between s t r a t e g i e s  employed by 
l e f t ,  r i g h t  and c o n t r o l  s u b j e c t s .  However,  a p h a s i c s  used an a n a l y t i c ­
al approach s i g n i f i c a n t l y  more f r e q u e n t l y  than non - aphas i c s  ( l e f t  and
r i g h t ) .  The a u t h o r s  r e f e r  t o  t h e  s i m i l a r i t y  o f  t h e i r  f i n d i n g s  t o
t h o s e  o f  O s t e r r i e t h  (19^4)  who found  t h i s  d e t a i l  by d e t a i l  approach in
a p h a s i c  p a t i e n t s  in  r e p r o d u c i n g  the  comp lex  f i g u r e  o f  Rey . The
a n a l y t i c a l  approach  a l s o  resemb les  the  d e s c r i p t i o n  by Head (1926)
o f  h i s  s e m a n t i c  a p h a s i c s  who
"d o  n o t  as a r u l e  b l o c k  o u t  th e  d r a w in g  b u t  tend  t o  
b e g in  a t  some one p o i n t  and f o l l o w  round th e  o u t l i n e  
o f  t h e  o b j e c t  d e t a i l  by d e t a i l . "  (Vol  1, p. 417)
However ,  i t  i s  n o t  c l e a r  how t h i s  f i n d i n g  can be r e c o n c i l e d  w i t h  
t he  o b s e r v a t i o n  t h a t  l e f t  hem isphe re  p a t i e n t s  s i m p l i f y  t h e i r  c o n s t r u c ­
t i o n s .  I f ,  as W a r r i n g t o n  e t  a l . (1966)  and Semenza e t  a l . (1978)  
s u g g e s t ,  c e r t a i n  l e f t  hem isphere  p a t i e n t s  do copy l i n e  by l i n e ,  one 
m i g h t  e x p e c t  a d i s t o r t e d  end p r o d u c t  ( s i n c e  the  p a t i e n t  i s  a p p a r e n t l y  
f a i l i n g  t o  ta ke  a c c o u n t  o f  the  e f f e c t  o f  compounding e r r o r )  b u t  t h e r e  
i s  l i t t l e  reason t o  e x p e c t  a g r o s s l y  s i m p l i f i e d  model ( f o r  exam ple,  
a s qua re  i n s t e a d  o f  a cube)  t o  a r i s e  f r o m  such an a p p ro a c h .  The re  i s  
no e m p i r i c a l  e v id e n c e  as t o  w h e t h e r  the  a n a l y t i c  app roach  as d e f i n e d  
by Semenza e t  a l . (1978) i s  seen in  t he  same o r  d i f f e r e n t  p a t i e n t s  as 
th e  s i m p l i f i e d  copy app ro a c h .
In g e n e r a l ,  an a n a l y s i s  o f  th e  c h a r a c t e r i s t i c s  o f  d ra w in g  does 
re v e a l  t h a t  t h e r e  a r e  q u a l i t a t i v e  d i f f e r e n c e s  in c o p y i n g  f o r  r i g h t  and 
l e f t  hem isphe re  p a t i e n t s .  However,  t h e r e  i s  n o t  any c l e a r  i n d i c a t i o n  
o f  t he  n a t u r e  o f  t h i s  d i f f e r e n c e .  For i n s t a n c e ,  Semenza e t  a l . (1978)  
assume t h a t  the  p a t i e n t  who ad o p ts  an a n a l y t i c a l  approach  t o  c o p y in g  
s u f f e r s  a p l a n n i n g  p ro b le m .  However,  i t  i s  p o s s i b l e  t h a t  t he  p a t i e n t  
i s  s i m p l y  unab le  t o  p e r c e p t u a l l y  o r g a n i z e  the  f i g u r e  ( c f .  P a te rs o n  
and Z a n g w i l l ,  1944) .  In t h i s  case ,  a " s l a v i s h "  b u t  n e v e r t h e l e s s  
s y s t e m a t i c  p r o g r e s s i o n  f r om  one d e t a i l  t o  the  n e x t  m ig h t  r e p r e s e n t  t he  
b e s t  p la n  f o r  c o p y in g  th e  f i g u r e .  S i m i l a r l y ,  i t  i s  n o t  c l e a r  in  what
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sense, a "simplified" slowly drawn reproduction indicates a 
"planning" problem while an "energetically" spatially dislocated 
copy drawn without monitoring the original, does not. This is not 
to say that these interpretations are incorrect. However they would 
not appear justified by the available evidence.
Finally, a consideration of the results of the analysis of the 
qualitative aspects of copying shows that most authors have failed to 
adopt the Piercy and Smyth (1962) criterion of comparing apraxic 
and non-apraxic groups for each hemisphere. For example, Gainotti 
and Tiacci (1970) have shown that left hemisphere patients proceed 
more slowly than right hemisphere patients but there is no indication 
of whether this is a problem specifically associated with construc­
tional apraxia or whether it is a more general problem seen in left 
hemisphere patients with and without constructiona' apraxia. In 
fact, the only findings which fulfil the methodological criterion 
specified by Piercy and Smyth (1962) have been reported by Warrington 
et al. (1966). These authors demonstrated that left hemisphere 
apraxics drew significantly more right angles than left hemisphere 
non-apraxics while no such discrepancy was observed in the corres­
ponding right hemisphere groups. Conversely, absence of symmetry 
was noted in the copies of right hemisphere apraxics more than right 
non-apraxics but there was no difference between the left hemisphere
g roups.
43
2.3 SUMMARY AND CONCLUSIONS
In t h i s  c h a p t e r ,  the c o n s t r u c t i o n a l  a p r ax i a  l i t e r a t u r e  has been 
reviewed from the p o i n t  of  view of  (1) the  l o c a l i z a t i o n  o f  c o n s t r u c ­
t i o n a l  ap r a x i a  and (2) the na t u r e  of  c o n s t r u c t i o n a l  a p r a x i a .
(1) Loca1i z a t i o n
The conc l us i ons  conce rn ing  the l o c a l i z a t i o n  o f  c o n s t r u c t i o n a l  
a p r a x i a  may be summarized as fo l l ows
. ( i )  Con s t r uc t i o n a l  a p r ax i a  occur s  a f t e r  damage to  e i t h e r
hemisphere and a f t e r  a n t e r i o r  as well  as p o s t e r i o r  
damage.
( i i )  There is  a c l e a r  preponderance  of  c o n s t r u c t i o n a l  ap rax i a  
a f t e r  p o s t e r i o r  as opposed to a n t e r i o r  damage.
There have been many r e p o r t s  t h a t  c o n s t r u c t i o n a l  a p r a x i a  is more 
f r e q ue n t  a f t e r  r i g h t  hemisphere than a f t e r  l e f t  hemisphere damage. 
However,  the  outcome of  such s t u d i e s  seems to  be a f f e c t e d  by the 
p a r t i c u l a r  c h a r a c t e r i s t i c s  of  the  sample and the t a sk  and assessment  
p rocedures  employed.  In p a r t i c u l a r ,  i t  would appear  t h a t  the p ropor ­
t i o n  o f  aphas i c s  in the  sample a f f e c t s  the r e l a t i v e  f requency of  con­
s t r u c t i o n a l  a p r a x i a  in r i g h t  and l e f t  hemisphere l e s i o n s  ( r ec e p t i v e  
a p ha s i c s  f r e q u e n t l y  showing c o n s t r u c t i o n a l  a p r a x i a ) .  D i f f e r e n t  sources  
o f  sample wi l l  y i e l d  q u i t e  d i f f e r e n t  p r o p o r t i o n s  o f  a p ha s i c s ^ .  Unt i l  
some method of  d e f i n i n g  what c o n s t i t u t e s  an a p p r o p r i a t e  and r e p r e s en ­
t a t i v e  sample is  proposed,  the  q u e s t i o n  o f  l a t e r a l i t y  d i f f e r e n c e s  in 
c o n s t r u c t i o n a l  a p r ax i a  wi l l  remain open.
For example,  a s t r o k e / r e h a b i l i t a t i o n  sample wi l l  c o n t a i n  a g r e a t e r  
p r o p o r t i o n  of  apha s i c s  than a n eu r os u r g i c a l  sample,  " o r d i n a r y "  neuro­
l og i c a l  sample,  or  a s e r i e s  of  p a t i e n t s  wi th gun shot  wounds.
2) Nature
Two approaches to the study of the nature of constructional 
apraxia have been noted. The first has entailed the administration 
of tests intended to assess the disabilities associated with construc­
tional apraxia. These tests may be broadly divided into tests of 
"perception" and tests of "intellectual ability". The second method 
of studying constructional apraxia has been to analyse the qualitative 
characteristics of the constructions.
In general, in investigating the nature of constructional 
apraxia, there has been a failure to adopt an analytical approach 
and a propensity to adopt vague and ill-defined concepts. There has 
also been a failure within and between studies to adopt consistent 
techniques. However, the following conclusions can be derived from 
the studies.
(1) Most constructional apraxics are poorer at "perceptual" 
tests than non-constructiona1-apraxics regardless of the 
hemisphere of lesion. However, there may be a left-anterior 
constructional apraxia that is not associated with percep­
tual problems.
(2) Constructional apraxics appear to show greater intellectual 
disability than their non-constructional-apraxic counter­
parts. There is no consistent evidence concerning 
lateralization of this effect.
(3) Although there is no evidence for lateralization of 
associated disabilities, there are hemispheric differences 
in the qualitative aspects of copying. Attempts to 
attribute these differences to specific differences in 
underlying mechanism have been unconvincing.
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CHAPTER 3
AN OVERVIEW OF THE EMPIRICAL STUDY
The aim o f  the  e m p i r i c a l  s t u d y  in  t h i s  t h e s i s  was t o  e x p l o r e  the  
n a t u r e  o f  g r a p h i c a l  c o p y in g  d i s a b i l i t y .  I t  was i n te n d e d  t o  a s c e r t a i n  
i n  some d e t a i l ,  t h o s e  components o f  th e  c o p y in g  p ro c e s s  t h a t  were 
d e f i c i e n t ,  as w e l l  as e s t a b l i s h i n g  w h e th e r  any components remained i n t a c t .  
To t h i s  end,  a sample o f  n e u r o s u r g i c a l  p a t i e n t s  w i t h  f o c a l  c e r e b r a l  
l e s i o n s  were  a d m i n i s t e r e d  a b a t t e r y  o f  t e s t s  w h i c h ,  on an a p r i o r i  
b a s i s ,  were j u d g e d  to  probe  a v a r i e t y  o f  a b i l i t i e s  i n v o l v e d  in  copy ­
i n g .  Such an i n t e n s i v e  and d e t a i l e d  s t u d y  o f  a sample o f  i n d i v i d u a l s  
has n o t  p r e v i o u s l y  been r e p o r t e d  in  t h e  c o n s t r u c t i o n a l  a p r a x i a  o r  
c o p y in g  d i s a b i l i t y  l i t e r a t u r e .  The aim o f  t h i s  c h a p t e r  i s  t o  p r o v i d e  
an o v e r v i e w  o f  th e  t e s t  b a t t e r y  and i t s  a d m i n i s t r a t i o n  as w e l l  as t o  
d e s c r i b e  th e  samples o f  s u b j e c t s  t o  whom t h e  b a t t e r y  was a d m i n i s t e r e d .
3.1 THE TEST BATTERY
3 .1 .1  D e s c r i p t i o n
The t e s t  b a t t e r y  c o n s i s t e d  o f  a v a r i e t y  o f  t e s t s  and in c lu d e d  
e s p e c i a l l y  d e v i s e d  c o p y in g  and e x p e r i m e n t a l  t e s t s  as w e l l  as a gene ra l  
n e u r o p s y c h o l o g i c a l  b a t t e r y .  The d e t a i l e d  r a t i o n a l e  f o r ,  and d e s c r i p t i o n  
o f ,  each t e s t  w i l l  appea r  in  l a t e r  c h a p t e r s ,  where the  r e s u l t s  o f  
i n d i v i d u a l  t e s t s  are  r e p o r t e d  and d i s c u s s e d  s e p a r a t e l y .  However ,  the  
ta s k s  a r e  a l s o  d e s c r i b e d  b r i e f l y  be low .
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Copying and d isc r im in a tio n  o f  "complex" (m u ltip le  elem ent) p a tte rn s
(a) Copying t e s t  (Chapter  4)
In t h i s  t e s t ,  t he  s u b j e c t  was asked to copy a s e r i e s  of  
geomet r i ca l  p a t t e r n s .  The adequacy of  the  r ep r oduc t i ons  was 
a s s e s se d  and an o v e r a l l  measure of  copying d i s a b i l i t y  was 
ob t a i n e d  fo r  each s u b j e c t .  This  measure was used to c l a s s i f y  
s u b j e c t s  in to  copying and n o n - c o p y i n g - d i s a b i l i t y  groups .
A spe c i a l  p o r t a b l e  g r ap h i c s  t a b l e t  system was employed for  
r ecord i ng  the copying a c t i v i t y .  Thi s  device  recorded the 
copying performance in a form t h a t  was amenable to  subse ­
quent  computer -a ided e x t r a c t i o n  o f  t iming and sequencing 
in fo rmat i on .  Thus i t  was p o s s i b l e  to  o b t a i n  measures of  
the  sequence and d i r e c t i o n  of  s t r o k e s  used in copying the 
d e s ig n ,  the t ime spent  in p l ann ing  the copy,  the  t ime spent  
between s t r o k e s  and the  v e l o c i t y  o f  i nd i v i dua l  s t r o k e s .
(b) Di s c r imi n a t i on  t e s t  (Chapter  5)
In t h i s  t e s t  t he  s u b j e c t  was r e qu i r e d  t o  i n d i c a t e  which 
of  two s i m i l a r  p a t t e r n s  was i d e n t i c a l  t o  a s t a n da r d .
Several  p a t t e r n s  used in the  copying t e s t  were employed 
as s t a n d a r d s .  The comparison f i g u r e s  were e i t h e r  i d e n t i c a l  
to  t he  s t anda r d  o r  to  a t r ans formed v e r s i on  of  i t .  A s e r i e s  
o f  d i f f e r e n t  t r a n s f o r m a t i o n s  was used to  g e n e r a t e  the 
d i s t r a c t o r  compar ison s t i m u l i .  I t  was hoped t h a t  a 
c o n s i d e r a t i o n  of  the  r e l a t i v e  d i f f i c u l t y  o f  d i f f e r e n t  
d i s t r a c t o r  types  might  revea l  p a r t i c u l a r  a r ea s  in which 
the  a b i l i t y  to  p e r c e p t u a l l y  d i s c r i m i n a t e  is  most a f f e c t e d  
and,  e q u a l l y  i mpor t an t ,  any a r ea s  where the a b i l i t y  to
discriminate perceptually is unaffected in patients with 
copying disorder. Both error and response latency measures 
were col 1ected.
Copying and discrimination of "simple" (single and double element) 
patterns (Chapter 6)
(a) Copying tests
In this series of tests, the subject was required to copy simple 
attributes, such as the size or orientation of a line, the 
position of a dot and the size of an angle. A direct metric 
measure of error was obtained for each attribute type.
(b) Discrimination tests
A corresponding discrimination task was devised for each copying 
test. The models used in the copying form of the task were 
employed as standards and a sec of comparison stimuli were 
generated by transforming the standard incrementally along 
the attribute of interest. The error in the discrimination 
task was taken as the point on the scale at which the patient 
could no longer correctly discriminate an attribute differ­
ence .
These tests were expected to provide evidence of the extent to 
which difficulties in copying and perceiving complex patterns can be 
attributed to fundamental difficulties in copying and perceiving 
simple elements. In addition, they were intended to indicate the 
extent to which any difficulties in copying simple elements could be 
explained by a difficulty in discriminating between simple elements. 
Relative size production (Chapter 7)
As discussed earlier, a copying problem requires the 
preservation of the essential aspects of form rather than 
the exact reproduction of the original component.
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In this task, the subject was required to reproduce the 
proportional size of a line. A model consisting of two 
lines bearing a particular size relationship were pre­
sented. The subject was then shown a “ copy" of the 
model in which the first line was reduced in size and 
the second line was missing. His task was to insert 
the missing line, taking particular care to preserve the 
relative s i ze-relationship between the lines.
Multiple attribute matching (Chapter 8)
The purpose of this test was to identify any difficulty 
in processing multiple attributes that could not be ex­
plained by a difficulty in processing the attributes singly.
A series of stimuli consisting of different combinations 
of size, colour, shape a.id contour type were presented 
in the form of an array. Duplicates of these stimuli 
were then presented individually and the subject was 
required to find the presented item in the array. To 
test whether the subject could correctly process the 
attributes individually, the subject was also required, 
in a separate test, to sort the stimuli by each single 
attribute. The attribute values chosen were intended 
to be highly discriminab 1e when considered singly.
Visual search (Chapter 9)
This test was designed to assess the ability to search and to 
locate stimuli in the visual field.
The subject was required to determine as quickly as
possible, whether or not a particular target was present
in a field containing either multiple and randomly distributed
items (condition 1), a single centrally located item 
(condition 2) or a single peripherally placed item 
(condition 3). Search time and accuracy were recorded.
Both the target and field items were pictures of famil­
iar objects or animals. It was hoped that these stimuli 
would be easily identifiable by all patients partici­
pating in the study (this was tested by first asking the 
patient to name each picture used in the test).
Sequential matching (Chapter 9)
(a) Pictures in a regular array
The same pictures used in the visual search task were 
employed in this task. The pictures were arranged in 
a 3 x 3 matrix. A second matrix, identical to the 
first in all but one picture, was shown to the sub­
ject who was asked to determine if the two matrices 
were the same or not. Errors and search time were 
recorded.
The test was intended to assess the ability to system­
atically alternate between two spatially separate 
sources. (Simple familiar pictures were employed as 
stimuli as it was intended that any difficulty in 
performing the comparison task should not be attribu­
table to an inability to process individual elements of 
the matrix.
(b) Components of a geometrical figure
The subject was shown two identical geometric patterns 
and asked to indicate the corresponding lines on each 
pattern. The patterns were composed entirely of different
co l oured  l i n e s ,  wi t h  no co l our  r epea t ed .  Thus,  the 
s u b j e c t  could i n d i c a t e  matching l i n e s  by naming the 
a p p r o p r i a t e  c o l o u r s .
The proces s  of  matching cor r espond ing  l i n e s  is  i n t e g r a l  
t o  t he  copying p r oc e s s .  In a d d i t i o n ,  i n format ion  about  
t he  comparison s t r a t e g i e s  employed by the  s u b j e c t  
could be gained by a n a l ys i ng  the sequence and system 
used in the t a s k s  as  wel l  as the  n a t u r e  of  the  e r r o r s .  
V isua l scanning (Chapter 9)
In t h i s  t e s t ,  t he  s u b j e c t  was shown an a r r a y  of  
p i c t u r e s  on a page and asked t o  name them. A number 
o f  a r r a y  a r r angements  were used.
The o r d e r  o f  naming was taken as an i n d i c a t i o n  of  the 
scanning  p a t t e r n  adopted by the s u b j e c t  and ana lysed  
f o r  the  degree  to  which the  p a t t e r n  was s y s t e m a t i c  
and a c c u r a t e .
Task p lann ing  (Chapter 10)
Sequent i a l  a s p e c t s  of  p e r c e p t i o n  and motor performance 
were exp l ored  in some o f  the p reced ing  t a s k s .  In t h i s  
t e s t ,  sequencing was a s s e s se d  in a t a sk  r eq u i r i n g  mi n i ­
mal s p a t i a l  and motor a b i l i t i e s .
The s u b j e c t  was given a h y p o t h e t i c a l  t a sk  and a l i s t  
o f  i n s t r u c t i o n s  t o  ach i eve  the  t a s k . ,  However,  the t a sk  
i n s t r u c t i o n s  were not  in t he  c o r r e c t  o r d e r .  The s u b j e c t  
was r equ i r e d  to  r e - o r d e r  t he  i n s t r u c t i o n s  t o  y i e l d  a 
workable  plan f o r  ach i ev i ng  the  s p e c i f i e d  goa l .
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Monitoring-behaviour (Chapter 12)
An accurate copy of a pattern requires that the subject 
carefully monitor the model that he intends to copy.
In this test the frequency and duration for which 
a subject observed the model while copying was recor­
ded .
General neuropsychological assessment (Chapter 13)
In addition to the experimental tests, a series of tasks designed 
to measure a range of psychological functions at a gross level were 
administered. Many of these tasks are commonly employed in the 
clinical assessment of neurological patients and they assess functions 
ranging from language to memory and cognition. The specific tests 
are described in Chapter 1 3 -
(a) language
(b) memory
(c) visual perception (not assessed in experimental tests and 
including obscured figures, overlapping figures, time and 
compass reading, cube analysis, colour discrimination and 
naming, left-right orientation)
(d) body perception (including body part identification, 
finger gnosis)
(e) praxis and motor organization
(f) arithmetical
(g) logical-grammatical
(h) higher cognitive (including proverb interpretation, 
conceptual series completion, analogies, categorial 
intelligence, arithmetical problems, colour-form sorting)
(i) perception and reproduction of pitch and rhythm
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(j) miscellaneous (including Trail making, serial sevens, 
simple reaction time)
A Handedness questionnaire was administered to all subjects.
In addition to the experimental and general neuropsychological 
tests described above, a number of other tests were devised and 
administered. In the interests of brevity, the results of these tests 
are not reported in this thesis. They include a series of copying 
tests in which a number of different aids were incorporated in an 
effort to determine which aids improved copying performance and hence 
what aspects of function might be disturbed. In addition, some experi­
mental tests concerned with the ability of subjects to analyse a 
figure into components, to copy simple relationships, to synthesize 
parts, and a number of others have been excluded. The results from 
these tests would not have modified the conclusions reached in the 
thesis. No evidence which conflicts with that reported has been 
excluded.
3.1.2 Admin1stration
Each of the tests in the battery were administered to all patients 
except where the use of a test was precluded because of a motor paresis, 
somaesthetic loss, or language disorder.
The general neuropsychological assessment was always conducted 
first. This indicated any particular difficulties that might be rele­
vant in the administration of the experimental tests. For instance, 
in the case of a language disorder, special care was needed in the 
administration of tests to ensure that the task requirements were 
understood. Similarly, where there was a memory or concentration 
problem, care was needed to ensure that the subject retained the task
instructions.
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The complex copying task was administered after the general 
neuropsychological assessment. The remaining tasks were then admin­
istered in random order. Individual subtests of a particular task 
were separated and randomized throughout the experimental battery.
This was done to minimize any boredom which might be associated with 
the repetition of similar tasks. The wisdom of scheduling testing 
so that the complex copying test always preceded the other experimental 
tests might be questioned. However, since the latter tests assessed 
components of the copying process, it was felt that they should not 
precede the copying task in case they served as training.
The structure of the testing sessions was tailored to the 
individual subject. Testing took a minimum of 10 hours per patient 
and was distributed over as many sessions as was required by the 
patient (most frequently six). Testing was suspended if the patient 
became fatigued, ill, unhappy, or in any other way distressed.
Despite the commitment in terms of time and energy required by the 
research program, most subjects claimed that they found the exercise 
stimulating and even helpful. In many cases it was considered a 
welcome relief from the boredom of the wards. The subject was not 
given any specific feedback concerning his performance during testing. 
However, he was encouraged throughout and the project and his results 
were discussed after the final session.
3.2 THE SAMPLE
One of the most important aspects in the study of a disorder is 
the careful definition of the population from which the sample under 
study is derived. In this study, a small sample of neurosurgica 1
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p a t i e n t s  was ob t a i ne d  through the  combined a u s p i c e s  of  the Royal 
Canberra  Hospi t a l  Neurosurg i ca l  Uni t  and Radi o log ica l  Uni t^ .
In p r a c t i c e ,  the  unb iassed  sampl ing of  any popu l a t i on  of  
p a t i e n t s  is  imposs ib l e  s i n c e  p a t i e n t s  may be u nwi l l i ng  or  unable to 
co o p e r a t e .  In a d d i t i o n ,  t h e r e  a r e  a number of  o t h e r  f a c t o r s  which 
can i n t roduce  sampl ing b i a s .  F i r s t l y ,  i t  i s  d i f f i c u l t  to avoid 
s e l e c t i v e  r e f e r r a l s .  A w i l l i n g  but  busy s p e c i a l i s t  may f o r g e t  to 
r e f e r  p a t i e n t s ,  perhaps  f avour ing  those  who p a r t i c u l a r l y  remind him 
of  t he  p r o j e c t .  Secondly ,  not  a l l  l e s i o n s  a r e  r o u t i n e l y  conf i rmed 
r a d i o l o g i ca 11y . This  i s  p a r t i c u l a r l y  t r u e  of  " s t r o k e "  ( i n t r a c e r e b r a l  
haemorrhage) c a s e s .  Thus i f  the  a v a i l a b i l i t y  of  r a d i o l o g i c a l  ev idence  
is  a c r i t e r i o n  for  i n c l u s i o n  in the  s t udy ,  c e r t a i n  p a t i e n t  types  may 
be s e l e c t i v e l y  exc l uded .  Indeed,  i t  may be only the  most a t y p i c a l  
o f  t he se  types  who a r e  t e s t e d  r a d i o l o g i ca 11y and hence cons ide red  fo r  
i n c l u s i o n  in the  s t udy .  F i n a l l y ,  f o r  a v a r i e t y  of  r easons ,  p a t i e n t s  
can become " l o s t "  or  i n a c c e s s i b l e  in the  h e a l t h  c a r e  system.
In the p r es en t  s tudy  i t  was p o s s i b l e  to  avoid t he se  t h r ee  
problems by r e s t r i c t i n g  the  sample to n e u r os u r g i c a l  p a t i e n t s .  I t  is 
b e l i ev ed  t h a t  the  sample is  r e l a t i v e l y  r e p r e s e n t a t i v e  of  a n e u r o s u r g i ca 1 
p o p u l a t i o n .  N a t u r a l l y  the  r e s u l t s  de r i ve d  from a ne u r os u r g i c a l  sample
The use of  a n e u r os u r g i c a l  group meant t h a t  the  sample con t a ined  
s u b j e c t s  of  d i f f e r e n t  a e t i o l o g i e s .  The employment of  such h e t e r o ­
geneous pools  of  s u b j e c t s  has been c r i t i c i s e d  (Smith,  1963).  In 
f a c t  t h e r e  a r e  very few s t u d i e s  in the  c o n s t r u c t i o n a l  ap r a x i a  l i t e r a ­
t u r e  which use s u b j e c t s  o f  the  same a e t i o l o g y ,  perhaps  because of  
the p r a c t i c a l  d i f f i c u l t i e s  a s s o c i a t e d  wi th  o b t a i n i n g  a s u f f i c i e n t  
number o f  them. C e r t a i n l y ,  in the p a r t i c u l a r  c i r c ums t anc es  in which 
the c u r r e n t  s tudy was conduc t ed ,  t h e r e  was no p r a c t i c a l  a l t e r n a t i v e  
to a mixed a e t i o l o g y  group.
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a re  n o t  n e c e s s a r i l y  r e p r e s e n t a t i v e  o f  the  p o p u l a t i o n  o f  a l l  f o c a l  
c e r e b r a l  l e s i o n s .  The sample used was n o t  l a r g e  enough^ t o  a l l o w  
a p r e c i s e  e s t i m a t e  o f  i n c i d e n c e  o f  g r a p h i c a l  c o p y in g  d i s o r d e r  even 
in  th e  n e u r o s u r g i c a l  p o p u l a t i o n ,  b u t  i t  wou ld  be ex p e c te d  t h a t  common 
p a t t e r n s  o f  c o p y in g  d i s a b i l i t y  w ou ld  be sampled in t h i s  s t u d y .
3 . 2 . 1  Subj  e c t s
A t o t a l  o f  Al s u b j e c t s  p a r t i c i p a t e d  in  t h e  s t u d y .  Each s u b j e c t  
be lo n g e d  t o  e i t h e r  th e  L e s io n  g roup  o r  the  C o n t r o l  g ro u p .
1. L e s io n  group
The Les io n  g roup  c o n s i s t e d  o f  t w e n t y - s e v e n  n e u r o s u r g i c a l  p a t i e n t s  
who c a r r i e d  a f i n a l  d i a g n o s i s  o f  “ f o c a l "  c e r e b r a l  l e s i o n .  A l l  p a t i e n t s  
who had been unde r  the  c a re  o f  c o n s u l t a n t  N eu ros u rge on ,  Mr . R.L.  
Newcombe, a t  some t im e  d u r i n g  the  p e r i o d  J u l y  1977 t o  O c t o b e r ,  1980 
were  c o n s i d e r e d  f o r  i n c l u s i o n  in  t h e  t e s t  s e r i e s .  However ,  o n l y  t h o s e  
p a t i e n t s  who s a t i s f i e d  c e r t a i n  p r e d e t e r m i n e d  c r i t e r i a  were i n c l u d e d  
in  t h e  s t u d y .  These c r i t e r i a  were as f o l l o w s :
(a)  Focal  l e s i o n
Each s u b j e c t  must have been j u d g e d  t o  have a f o c a l  c e r e b r a l  
l e s i o n  on the  b a s i s  o f  a Computer A s s i s t e d  Tomograph ic  (CAT) 
scan .  T h i s  i s  a s e n s i t i v e  t e c h n i q u e  f o r  d i a g n o s i n g  i n t r a ­
c r a n i a l  p a t h o l o g y .  P a t i e n t s  were  e x c lu d e d  i f  th e  CAT scan 
i n d i c a t e d  th e  p resence  o f  g l o b a l  c e r e b r a l  a t r o p h y  o r  d i f f u s e ,  
m u l t i p l e  o r  b i l a t e r a l  l e s i o n s .
I t  had been hoped t o  o b t a i n  a l a r g e r  sample b u t  th e  s u b j e c t s  were 
n o t  a v a i 1 ab 1e .
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The definition of "focal" was interpreted liberally 
since there are in fact few if any truly focal lesions. 
Damage to one part of the brain frequently affects other 
parts of the brain. For example, a space occupying 
lesion such as a haemotoma or a tumour will not only 
affect the surrounding or invaded tissue but may also 
compress or displace other parts of the brain.
The presence and type of lesion was confirmed surgi­
cally in all cases.
(b) Pathology/aetiology
Lesions of any pathology were accepted except that the 
lesion should not have arisen as a result of a motor 
vehicle accident. There is good evidence that the 
extreme forces involved in such injuries can produce 
radiological ly undetectable microscopic and multiple 
lesions throughout the brain (Treip, 1978).
(c) Premorbid history
Patients with a premorbid history of mental retarda­
tion, psychoses, or systemic disease (e.g. diabetes, 
liver disease) were excluded from consideration. Two 
patients fell into this category. Both had histories 
of psychoses, thought to be unassociated with their 
cerebral lesions.
(d) Age
Patients were required to be within the age range of 16 to 
65.
(e ) N eu ro lo g ica l  s ta tu s
P a t i e n t s  w i t h  d i m i n i s h e d  l e v e l  o f  c o n s c io u s n e s s  o r  c o n f u s i o n  
were e x c lu d e d  u n t i l  such s u b j e c t s  a c h ie v e d  f u l l  a l e r t n e s s  
and o r i e n t a t i o n  in  t im e  and p l a c e .  O t h e r w i s e ,  a p a t i e n t  
was n o t  e x c lu d e d  on the  b a s i s  o f  n e u r o l o g i c a l  s t a t u s ,  
u n l e s s  th e  l a t t e r  i n d i c a t e d  d i f f u s e  o r  m u l t i p l e  l e s i o n s .  
P a t i e n t s  were i n c l u d e d  r e g a r d l e s s  o f  the p resence  o f  
s e n s o r y  o r  m o to r  d e f e c t s .  In p a r t i c u l a r ,  s p e c i a l  c a re  
was ta ken  t h a t  no p a t i e n t  sho u ld  be e x c lu d e d  on th e  
b a s i s  o f  an a p h a s i a ,  s i n c e  as r e p o r t e d  in  C hap te r  2 ,  some 
s t u d i e s  have sugges te d  t h a t  t h e r e  i s  an a s s o c i a t i o n  be­
tween r e c e p t i v e  a p h a s ia  and c o n s t r u c t i o n a l  d i s a b i l i t y .
( f ) Time o f  t e s t i n g
A l t h o u g h  s u b j e c t s  were  s e l e c t e d  f r om  among p a t i e n t s  
a t t e n d i n g  a N e u r o s u r g i c a l  u n i t  o v e r  a p e r i o d  o f  t h r e e  
y e a r s ,  t e s t i n g  t o o k  p la c e  d u r i n g  th e  13 months be­
tween A u g u s t ,  1979 and Sep tembe r ,  1980. C u r r e n t  
n e u r o s u r g i c a l  p a t i e n t s  were t e s t e d  e i t h e r  in  the  days 
d i r e c t l y  p r e c e d i n g  s u r g e r y  o r  in  th e  days d i r e c t l y  
p r i o r  t o  o r  f o l l o w i n g  d i s c h a r g e  f r om  ( a c u t e )  h o s p i t a l  
c a r e .  The r e m a in in g  ( l o n g e r  te rm) p a t i e n t s  were seen 
as soon as t e s t i n g  c o u ld  be a r r a n g e d .
(g)  A v a i 1 a b i 1 i t y
On ly  p a t i e n t s  who agreed (and,  where r e l e v a n t ,  whose 
f a m i l i e s  ag reed)  t o  t h e  t e s t i n g  p rog ram were seen.  No 
p r e s s u r e  was a p p l i e d  t o  o b t a i n  t h i s  ag reem en t .  N eve r ­
t h e l e s s ,  o n l y  two p a t i e n t s  who were approached  d e c l i n e d  
t o  p a r t i c i p a t e .  Each o f  these  p a t i e n t s  had undergone
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neuropsychological assessment elsewhere and had been upset 
by the experience. Both patients had suffered left temporal 
lobe lesions.
Since testing took place over 13 months and the sample was 
drawn from patients who had come to surgery over a longer 
period, some patients were no longer available for testing.
These included two people who had moved from Canberra, 
three who had returned to the rural areas from which they 
were referred, four who were no longer contactable and one 
who had died.
2. Control group
The Control group consisted of 14 normal subjects who had no 
history of central nervous system disorder. Subjects were chosen so 
that the sex, age and education distributions of the Control group 
were matched as far as possible to those of the Lesion group. For 
this reason, it was necessary to test the majority of Control subjects 
after the Lesion group had been tested.
In addition to excluding subjects with known central nervous system 
disorder, any subject with a history of neurotrauma from which uncon­
sciousness or amnesia had resulted was excluded. People suffering from 
a systemic disease or with a history of mental retardation or psychoses 
were not considered for inclusion in the series. Of the people asked 
to participate in the project only one declined to volunteer.
There were three main sources of subjects for the Control group. 
These were (l) Neurosurgical patients admitted to hospital for treat­
ment of spinal or peripheral neurological problems (e.g. 
median nerve entrapment of the non-preferred hand,
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c e r v i c a l  o r  lumbar  d i s c  d i s e a s e ) .  T h i s  source  
ac coun ted  f o r  5 (36%) o f  t he  C o n t r o l s .
(2) I n s t i t u t i o n  employees i n c l u d i n g  pa ra m e d ic a l  o r  
c l e r i c a l  s t a f f  a t  t he  h o s p i t a l  and non-academ ic  
u n i v e r s i t y  s t a f f .  T h i s  so u rc e  accoun te d  f o r  5 
(36%) o f  t he  C o n t r o l  g r o u p .
(3)  Rura l  r e s i d e n t s . S ince  a number o f  the  Les ion  
p a t i e n t s  were r u r a l  r e s i d e n t s  who were t e s t e d  
p r i o r  t o  d i s c h a r g e  home, o r  upon a r e t u r n  v i s i t  
t o  C an b e r ra ,  s e v e r a l  C o n t r o l  s u b j e c t s  were 
c o l l e c t e d  f r om  a r u r a l  a r e a .  T h i s  sou rce  
ac c oun te d  f o r  4 (29%) o f  t h e  C o n t r o l  group
( o f  the Lesion s u b j e c t s ,  30% were f rom r u r a l  
a r e a s ) .
3 . 2 . 2  C h a r a c t e r i s t i c s  o f  th e  s u b j e c t  groups
T h is  s e c t i o n  c o n t a i n s  a summary o f  t h e  n e u r o l o g i c a l ,  age,  educa­
t i o n a l  and sex d i s t r i b u t i o n  c h a r a c t e r i s t i c s  o f  t h e  s u b j e c t  g ro u p s .  The 
s t a t u s  o f  each i n d i v i d u a l  s u b j e c t  i s  summar ized in  t a b u l a r  fo rm  in  
A pp e n d ix  A.
I t  was found t h a t  26% o f  the  Lesion s u b je c t s  showed ev idence o f  
v i s u a l - f i e l d  d e f e c t ,  48% a motor d e fe c t  ( l o s s  o f  power) and 33% showed 
somatosensory lo s s .  C l i n i c a l l y  observed aphasia  was noted in 15% o f  the  
Lesion s u b j e c t s .
F o r t y -o n e  pe rcen t  o f  the  p a t i e n t s  had a l e f t  hemisphere le s io n  
and 59% a r i g h t  hemisphere l e s i o n .  F i f t y - n i n e  percen t  o f  the p a t i e n t s  
had s u f f e r e d  v a s c u la r  l e s io n s  (many o f  these  caused by haemorrhage a s s o c i ­
ated w i t h  a rup tu red  b e r r y  aneurysm) and 30% had a neoplasm (4 meningiomas,  
3 g l io m a s ,  1 melanoma). Of the  remain ing  p a t i e n t s ,  one had s u f f e re d
60
an encapsulated abscess, another had unilateral hydrocephalus, and 
the last, a parasitic granuloma. Eighty-one percent of the patients 
were tested post-operatively. Testing of these patients took place an 
average of 48 weeks after surgery.
The age of the Control and Lesion groups did not differ significantly 
(t (39) = 0.17, p > .05), the mean age of the Control group being 39 years 
and the mean age of the Lesion group 39-8 years. Furthermore, it can be 
seen in Table 3~1 that the age distribution of the two groups was similar.
TABLE 3-1
Age distribution for Control and Lesion groups
Lesion Control
(n = 27) (n = lit)
Age (years) n % n %
16-20 2 7.4 1 7.1
21-30 7 25.9 4 28.6
31-40 5 18.5 3 21.4
0LTV1
<r 5 18.5 3 21 .4
51-60 5 18.5 2 14.3
61-65 3 11.1 1 7.1
The mean number of years of schooling of the Control group was 
9-9 years compared with 9.8 years for the Lesion group. This difference 
was not significant {t (39) = 0.11, p > .05). In addition, the education 
distribution for the Control and Lesion groups was similar as shown in 
Table 3"2.
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TABLE 3-2
E d u c a t io n  d i s t r i b u t i o n  f o r  C o n t r o l  and L e s io n  groups
L e s io n C o n t r o lr-.
CNIlic (n = 1 4)
E d u c a t io n  ( y e a r s ) n % n %
T e r t i a r y 12+ 3 11.1 1 7.1
Col 1ege 11-12 5 18.5 3 21 .4
High
School 9 -10 9 33 .3 5 35 .7
B a s ic 8 10 37 .0 5 35 .7
F i n a l l y ,  t he  sex d i s t r i b u t i o n  in  t h e  two g roups  was n o t  s t a t i s ­
t i c a l l y  d i f f e r e n t ,  w i t h  52% o f  th e  L e s io n  sample b e in g  male w h i l e  50% 
o f  t h e  C o n t r o l  sample were male ( x 2 = 0 . 0 47 , p > . 05 ) .
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CHAPTER A
THE ASSESSMENT OF GRAPHICAL COPYING D ISAB IL ITY
T h i s  c h a p t e r  d e s c r i b e s  the  t e s t  o f  g r a p h i c a l  c o p y in g  a b i l i t y  
employed in  t h e  c u r r e n t  s tu d y  and d i s c u s s e s  the  c l a s s i f i c a t i o n  o f  
c o p y i n g  d i s a b i l i t y  based on t h i s  t e s t .  The c o n s i d e r a t i o n  o f  the p r e s ­
e n t  t e s t  i s  preceded  by a r e v i e w  o f  t h e  c u r r e n t l y  a v a i l a b l e  cop y in g  
t e s t s .
4.1 A SURVEY OF PREVIOUS GRAPHICAL COPYING TESTS
Many d i f f e r e n t  t e s t s  and s c o r i n g  methods have been employed in 
th e  assessmen t  o f  g r a p h i c a l  c o p y in g  d i s a b i l i t y .  In t he  e a r l y  case 
s t u d i e s  ( e . g .  M ay e r -G ro s s ,  1935; S t e n g e l ,  1944; McF ie ,  P i e r c y  S 
Z a n g w i l l ,  1950; E t t l i n g e r ,  W a r r i n g t o n  & Z a n g w i11, 1957; Hecaen,
P e n f i e l d ,  B e r t r a n d  & Malmo, 1956 ) ,  p a t i e n t s  were u s u a l l y  r e q u i r e d  t o  
re p ro d u c e  f a m i l i a r  f i g u r e s  such as a s q u a r e ,  t r i a n g l e ,  cube,  b i c y c l e ,  
pe rson  o r  s t a r .  Few d e t a i l s  were p r o v i d e d  o f  t h e  s t i m u l i  employed in 
t h e s e  s t u d i e s  a l t h o u g h  i t  w ou ld  appea r  t h a t  a u n i f o r m  s e t  o f  f i g u r e s  was 
n o t  used .  Nor does i t  appear  t h a t  fo rm a l  s c o r i n g  systems were a p p l i e d  
in  e v a l u a t i n g  p r o d u c t i o n s .
More s y s t e m a t i c  methods o f  a s s e s s i n g  c o p y in g  d i s a b i l i t y  were 
i n t r o d u c e d  w i t h  t he  t r a n s i t i o n  t o  t h e  e x p e r i m e n t a l  s t u d y  o f  l a r g e  groups  
o f  p a t i e n t s .  N e v e r t h e l e s s ,  as w i l l  be seen,  no s i n g l e  t e s t  o f  c o p y in g  
has emerged.  S t i m u l i  have v a r i e d  f rom s im p le  a b s t r a c t  f i g u r e s  t o  complex
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r e p r e s e n t a t i o n a l  f i g u r e s .  Some a u t h o r s  have chosen to  dev e lop  
o b j e c t i v e  s c o r i n g  c r i t e r i a  w h i l e  o t h e r s  have p r e f e r r e d  s u b j e c t i v e  
r a t i n g s .  In most s t u d i e s ,  t h e  s c o r i n g  has been conduc te d  by i n v e s ­
t i g a t o r s  th e m s e lv e s .  Such a p r o c e d u r e  may be s u b j e c t  t o  e x p e r i m e n t e r  
e f f e c t s ,  s i n c e  the  s c o r e r  wou ld  have c om p le te  knowledge o f  the  
i d e n t i t y  and n e u r o l o g i c a l  s t a t u s  o f  th e  p a t i e n t .  However ,  some 
s t u d i e s  have used r a t i n g s  f r om  indepe nden t  j u d g e s .
In r e v i e w i n g  th e  c u r r e n t l y  a v a i l a b l e  t e s t s  o f  c o p y i n g ,  Lezak 
( 1 9 7 6 ) p o i n t s  o u t  t h a t  t h e  B e n d e r - G e s t a l t  t e s t  i s  th e  most w i d e l y  r e ­
sea rched  o f  a l l  v i s u o g r a p h i c  t e s t s .  The B e n d e r - G e s t a l t  c o n s i s t s  o f  
n i n e  d e s ig n s  w h ic h  t h e  s u b j e c t  i s  asked t o  copy (see F i g u r e  4 - 1 ) .  The 
d e s ig n s  were o r i g i n a l l y  adap te d  by Bender  ( 1 9 3 8 ) f r om  th ose  used by 
W e r th e im e r  ( 1 9 2 3 ) t o  e x p l o r e  th e  G e s t a l t  p r i n c i p l e s  o f  p e r c e p t i o n .
A number o f  o b j e c t i v e  s c o r i n g  systems have been proposed  f o r  the  
B e n d e r - G e s t a l t  ( e . g .  B i l l i n g s l e a ,  1 9 4 8 ; Pascal  S S u t t e l l ,  1 9 5 1 ; H a in ,  
1 9 6 4 ; H u t t ,  1 9 7 7 ; K o p p i t z ,  1 9 6 4 ) ,  o f  w h ic h  t h e  Pasca 1- S u t t e l 1 system 
i s  t h e  most w i d e l y  used in  r e s e a r c h .  In t h i s  sys tem a number o f  
c h a r a c t e r i s t i c s ,  such as asymmetry ,  d i s t o r t i o n  and r o t a t i o n ,  a re  
r a t e d  f o r  each d ra w in g  and a t o t a l  e r r o r  s c o re  i s  c a l c u l a t e d  f rom a 
w e i g h t e d  c o m b i n a t i o n  o f  e r r o r s .
The B e n d e r - G e s t a l t  has been th e  s u b j e c t  o f  s e v e r a l  books ( e . g .  
Pascal  S S u t t e l l ,  1 9 5 1 ; T o l o r  & S c h u l b e r g ,  1 9 6 3 ; K o p p i t z ,  1 9 6 4 ; H u t t ,  
1977) and a l a r g e  number o f  p u b l i s h e d  p a p e r s ,  b u t  i t  has r a r e l y  been 
used f o r  th e  s p e c i f i c  pu rpose  o f  e x p l o r i n g  the  n a t u r e  o f  c o p y in g  
p r o b le m s .  R a the r  i t s  main use w i t h i n  t h e  c o n t e x t  o f  c e r e b r a l  i m p a i r ­
ment has been t h e  d i f f e r e n t i a t i o n  o f  " o r g a n i c " ,  " p s y c h i a t r i c "  and 
" n o r m a l "  g ro u p s .  A t e s t  and w e ig h t e d  s c o r i n g  sys tem s p e c i f i c a l l y
F i g u r e  4 - 1 .  B e n d e r - G e s t a l t  Des igns 
(Bende r ,  1938)
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developed to d i f f e r e n t i a t e  such groups may not  n e c e s s a r i l y  r e p r e s e n t  
t he  b e s t  t o o l  f o r  a s s e s s i n g  copying a b i l i t y .
A second t e s t  which has been used to i n v e s t i g a t e  copying a b i l i t y  
i s  t he  R e y - O s t e r r i e t h  Complex Figure  t e s t .  Int roduced by Rey (1941) ,  
the  t e s t  was subsequen t l y  s t a n d a r d i z e d  for  use wi th  c h i l d r e n  and b r a i n ­
damaged a d u l t s  by O s t e r r i e t h  (1944) .  In the  copying phase of  the t e s t  
the  s u b j e c t  is asked to  reproduce the  complex f i g u r e  i l l u s t r a t e d  in 
F igure  4-2 .
Figure  4-2.  R e y - O s t e r r i e t h  Complex Figure
( O s t e r r i e t h ,  1944)
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The adequacy of  the copy is a s s e s se d  by i n d i v i d u a l l y  r a t i n g  18 
s p e c i f i c  d e t a i l s  of  the  f i g u r e  as " c o r r e c t " ,  " d i s t o r t e d  or  incomplete 
but  r e c o gn i z a b l e " ,  or  "no t  r e c o gn i z a b l e " .  Wi thin each of  t hese  
c a t e g o r i e s  h a l f  p o i n t s  may be a l l o c a t e d .
In a d d i t i o n  to  accuracy  r a t i n g s  of  the copy,  a record of  the 
s u b j e c t ' s  method of  copying i s  c o l l e c t e d .  This  is  done by ensur ing  
t h a t  he uses  a d i f f e r e n t  co l oured  penc i l  to  copy each s e c t i o n  of  the 
drawing and r ecord i ng  the  o r de r  of  c o l ou r s  used.  Several  d i f f e r e n t  
copying procedures  have been i d e n t i f i e d  f o r  the  f i g u r e ^ ,  some of  
them not  c h a r a c t e r i s t i c  o f  normal s u b j e c t s .  The R e y - Os t e r r i e t h  t e s t  
is r a r e  in a s s e s s i n g  t h i s  impor tant  a s p e c t  of  copying.  However,  the 
t e s t  is  not  o f t e n  employed in the  c o n s t r u c t i o n a l  a p r a x i a  l i t e r a t u r e ,  
p o s s i b l y  because o f  i t s  complexi ty  and a l s o  because  i t  c on t a i n s  only 
one f i g u r e .
A c l i n i c a l  t e s t  which has made more impact on mains t ream 
r e s ea r c h  in t o  copying and c o n s t r u c t i o n a l  d i s a b i l i t y  is the  Benton 
Visual  Re t en t i on  T e s t  (BVRT). The t e s t  was o r i g i n a l l y  in t roduced  by 
Benton (1945,  1955) as  a t e s t  of  v i s ua l  memory but  was l a t e r  a l so  
found to be a usefu l  t e s t  o f  copying a b i l i t y  (Benton,  1962).  The 
t e s t  c o n t a i n s  ten des i gns  which a r e  p r e s e n t e d  s e p a r a t e l y  (Figure  4 - 3 ) .  
Each des ign  c o n s i s t s  of  one o r  t h r e e  f i g u r e s .  Two sco r i ng  systems 
a r e  used.  In the  f i r s t ,  each des ign  is judged accord ing  to e x p l i c i t  
c r i t e r i a  (on an a l l  o r  none b a s i s )  as  being c o r r e c t  or  i n c o r r e c t .
The measure of  copying a b i l i t y  i s the  t o t a l  number of  c o r r e c t  r eproduc­
t i o n s .  In the second s co r i ng  sys tem,  each copy is  a s s e s se d  fo r  the
d i s c u s s i o n  of  the as ses sment  of  copying procedures  wi l l  be 
d e f e r r e d  to Chapters  10 and 11.
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F ig u re  k~3.  Benton V isua l  R e ten t ion  Test  (Form C)
(Benton,  1962)
presence o f  s p e c i f i c  e r r o r  types (o m iss ion s ,  a d d i t i o n s ,  d i s t o r t i o n s ,  
p e r s e v e r a t i o n s ,  r o t a t i o n s ,  misp lacement and r e l a t i v e  s i z e ) .  The t o t a l  
number o f  e r r o r s  is  used as an o v e r a l l  score .
Benton (1962) p o i n t s  ou t  t h a t  h i s  t e s t  d i f f e r s  f rom the 
B en d e r -G e s ta l t
" i n  t h a t  the c r i t e r i a  f o r  e v a l u a t i n g  per formance do not  
emphasize graphomotor  aspects  o f  per formance (e .g .  fo rma­
t i o n  o f  a ng les ,  o v e r s h o o t in g  o f  l i n e s ,  t remor)  bu t  r a t h e r  
the o v e r a l l  c o n s t r u c t i o n  o f  the f i g u r e s ,  the  s p a t i a l  and 
s i z e  r e l a t i o n s h i p  among the  f i g u r e s  in the  th re e  f i g u r e  
des igns ,  and the occur rence  o f  om iss ions  or  a d d i t i o n s  o f  
d e t a i l s  in the r e p r o d u c t i o n . "  (p.  150)
He f u r t h e r  i n d i c a t e s  t h a t  the  BVRT makes " l e s s  demand on the c a p a c i t y
to  p e r c e iv e  small  d e t a i l s  o r  on the  a b i l i t y  to  draw a c c u r a t e l y "  than
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does the Rey-Osterrieth test. This emphasis is reasonable when the 
test is used in its original form as a visual retention test. However, 
it is questionable whether the selective emphasis of certain percep­
tual factors and the minimization of the role of execution factors 
is appropriate in an unbiassed test of copying ability.
A number of other tests of copying have been used in the litera­
ture. Arrigoni and De Renzi (1964) introduced a test of copying which 
consisted of two simple geometric designs, a cube, a Binet design and 
two BVRT designs (Figure A - A )  . The authors adopted a three point 
rating system in which an "essentially correct" production received 
2 points, a "partially defective" reproduction received 1 point, while 
an "unrecognizable" reproduction received no score. Benson and 
Barton (1970) used a test which incorporated seven designs, comprising 
a triangle, a cube, a star, one Binet figure, a BVRT-like design and 
two more complex closed-figures (see Figure A - 5 ) • The reproductions 
were assessed by three independent judges. Every copy was rated on 
each of five features using a three-point scale. The ratings were 
made without knowledge of the patient's history. The most extreme 
score was discarded and the remaining two scores averaged.
Warrington, James and Kinsbourne (1966) used a test consisting of 
a cube and a star. An independent judge, untrained in neuropsychology, 
rated each of the copies on a four-point scale with 3 points allocated 
to a "satisfactory" reproduction, 2 points for a "faulty" production,
1 point for a "bad" production and no score for a "very bad" production. 
H£caen and Assal (1970) and Gainotti, Miceli and Caltagirone (1977) 
also used a small number of familiar figures (e.g. cube, house, star, 
bicycle) in assessing copying ability. Gainotti et al. (1977) used
MOO. 1 MOO. 2 MOD.3 MOD. 4
MOD. S MOD. 6
F igu re  4 -4 .  A r r i g o n i  and De R e n z i ' s  (1964) copying t e s t
F ig u re  4 -5-  Benson and Barton 1s ( 1 9 7 0 ) 1s copy ing t e s t
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the  same s c o r i n g  sys tem as A r r i g o n i  and De Renzi (196A) w h i l e  
H£caen and Assa l  (1970) do n o t  p r o v i d e  d e t a i l s  o f  t h e i r  s c o r i n g  
sys tem .
A l t h o u g h  a l l  o f  th ese  t e s t s  were c o n s i d e r e d  as p o t e n t i a l  means 
o f  m e a s u r in g  g r a p h i c a l  c o p y in g  a b i l i t y  in t h i s  s t u d y ,  none were 
e n t i r e l y  a p p r o p r i a t e .  A p a r t  f r om  t h e  s p e c i f i c  d i f f i c u l t i e s  a l r e a d y  
m e n t i o n e d , i t  i s  c l e a r  t h a t  each o f  t he  t e s t s ,  when c o n s i d e r e d  a l o n e ,  
i s  l i m i t e d ,  bo th  in  t h e  v a r i e t y  and the  number o f  d e s ig n s  emp loyed.
For  exam p le ,  cube c o p y in g  i s  commonly employed in  bo th  t h e  c l i n i c a l  
s e t t i n g  and in re s e a r c h  b u t  t he  BVRT, t he  B e n d e r - G e s t a l t  and the  
R e y - O s t e r r i e t h  t e s t s  do n o t  i n c l u d e  any d ra w in g s  o f  t h r e e  d i m e n s i o n a l -  
f i g u r e s .  The BVRT and the  A r r i g o n i  and De Renzi t e s t s  employ p r e ­
d o m i n a n t l y  t r i a n g u l a r ,  squa re  and c i r c u l a r  shapes ,  w h i l e  a l l  b u t  one 
o f  t he  Benson and B a r to n  f i g u r e s  a re  c l o s e d  fo r m s .  The r e m a in in g  t e s t s  
c o n s i s t  o n l y  o f  a sm a l l  number o f  f a m i l i a r  f i g u r e s .  I t  i s  o f  c ou rse  
q u i t e  p o s s i b l e  t h a t  t he  t y p e  o f  shape employed in  a c o p y in g  t e s t  makes 
no d i f f e r e n c e  t o  the  ou tcom e.  I f  t h i s  were the  c a s e ,  any o f  the 
p r e c e d i n g  t e s t s  m ig h t  be a p p r o p r i a t e  f o r  t he  p r e s e n t  s t u d y .  However , 
in t h e  absence o f  s u p p o r t i n g  e v id e n c e  t h i s  c o u ld  n o t  be assumed.
A . 2 THE PRESENT GRAPHICAL COPYING TEST
S inc e  i t  was e v i d e n t  t h a t  none o f  t h e  c u r r e n t l y  a v a i l a b l e  t e s t s  
o f  g r a p h i c a l  c o p y in g  was c o m p l e t e l y  s a t i s f a c t o r y ,  a new t e s t  was d e v i s e d .  
The t e s t  c o n s i s t e d  o f  50 i tems p r e s e n t e d  in an i n d i v i d u a l l y  randomized 
o r d e r .  The s e l e c t i o n  o f  i tems was i n te n d e d  t o  sample a w id e  v a r i e t y  
o f  f i g u r e  ty pes  ( r a n g i n g  f rom  s i m p l e  one and two l i n e  f i g u r e s  t o
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com p lex  a b s t r a c t  and r e p r e s e n t a t i o n a l  d e s i g n s ) .  W h i l e  t he  de s ig n s  
in  t h i s  t e s t  a re  by no means r e p r e s e n t a t i v e  o f  th e  p o p u l a t i o n  o f  
p o t e n t i a l  f i g u r e s ^ ,  th e  t e s t  does c o n t a i n  more v a r i e t y  than i s  found 
in  o t h e r  t e s t s  o f  c o p y i n g .
4 . 2 . 1  Des igns
The d e s ig n s  in  t he  g r a p h i c a l  c o p y i n g  t e s t  a r e  i l l u s t r a t e d  in 
F i g u r e  4 - 6 .  I t  w i l l  be seen t h a t  t he  t e s t  i n c l u d e d  a s y m m e t r i c a l  as 
w e l l  as s y m m e t r i c a l  f i g u r e  t y p e s ,  c l o s e d  as w e l l  as open f i g u r e s ,  
and f i g u r e s  d i f f e r i n g  in  t h e  c o n n e c t i v i t y  r e l a t i o n s h i p s  between l i n e s .
A sm a l l  number o f  d e s ig n s  c o n s i s t e d  o f  two f i g u r e s .  A number o f  draw­
ings  o f  t h r e e - d i m e n s i o n a l  f i g u r e s  were i n c o r p o r a t e d ,  as w e l l  as a 
f i g u r e  w h ic h  was n o t  a r e p r e s e n t a t i o n  o f  a t h r e e - d i m e n s i o n a l  o b j e c t  
b u t  w h ic h  was o f  a p p r o x i m a t e l y  e q u i v a l e n t  c o m p l e x i t y  t o ,  and c o n t a in e d  
many o f  t he  same components a s ,  a cube .  C r i t c h l e y  (1953)  has p o i n t e d  
o u t  t h a t  c o p y in g  a d ra w in g  o f  a t h r e e - d i m e n s i o n a l  f i g u r e  " i n  such 
a way as t o  g i v e  no h i n t  o f  p e r s p e c t i v e ,  o r  a t h i r d  d im e n s io n  . . . 
may be th e  s o l e  e v id e n c e  o f  a c o n s t r u c t i o n a l  a p r a x i a "  (p .  180) .  Hecaen, 
P e n f i e l d ,  B e r t r a n d  and Malmo ( 1 9 5 6 ) ,  on the  o t h e r  hand,  no ted  t h a t  
c o n s t r u c t i o n a l  a p r a x i a  was "even  b e t t e r  d e m o n s t ra te d  d u r i n g  the 
r e p r o d u c t i o n  o f  complex  f i g u r e s  w i t h o u t  p e r s p e c t i v e "  (p .  4 l 8 )  c i t i n g  
b i c y c l e  c o p y in g  as a p a r t i c u l a r l y  good i l l u s t r a t i o n .  The i n c l u s i o n  
o f  a n o n - t h r e e - d i m e n s i o n a 1 complex f i g u r e  e n a b le s  the  assessment  o f  
w h e t h e r  th e  d i f f i c u l t y  in  c o p y i n g  a cube i s  r e l a t e d  t o  i t s  c o m p l e x i t y  
o r  w h e t h e r  i t  i s  p a r t i c u l a r l y  a t t r i b u t a b l e  t o  i t s  t h r e e  d im e n s io n a l  
n a t u r e .
In p a r t i c u l a r ,  i t  w i l l  be no ted  t h a t  d e s ig n s  a re  r e s t r i c t e d  t o  s t r a i g h t  
l i n e s  and do n o t  c o n t a i n  more than  two f i g u r e s  o r  10 l i n e s .  The 
r e p r e s e n t a t i o n a l  f i g u r e s  were a l l  l i n e  d ra w in g s  o f  p o l y h e d r a .
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A s e r i e s  o f  s i n g l e  and two l i n e  f i g u r e s  were a l s o  i n c l u d e d  in 
t h e  c o p y in g  b a t t e r y .  A number o f  these  were components o f  the  more 
com p lex  d e s i g n s .  However ,  th e s e  f i g u r e s  were n o t  c o n s id e r e d  in 
c a l c u l a t i n g  th e  c o p y in g  d i s a b i l i t y  s c o re  s i n c e  i t  was d e s i r e d  to  t r e a t  
p e r fo rm a n c e  on s i n g l e  l i n e s  as an e x p e r i m e n t a l  dependen t  v a r i a b l e  
(C h a p te r  6 ) .  They were i n c o r p o r a t e d  i n t o  the  b a t t e r y  p r i m a r i l y  f o r  
t h e  pu rposes o f  an a n a l y s i s  t o  be r e p o r t e d  in  C hap te r  12.
4 . 2 . 2  S t i m u l u s  l a y o u t
Each o f  the  d e s i g n s  d e s c r i b e d  in  t h e  p r e c e d i n g  s e c t i o n  was c e n t r e d  
on a 6“  x 4 "  ( 15 -2  x 10.2 cm) w h i t e  s t i m u l u s  c a r d . The s u b j e c t  drew 
on 6 "  x 4“  (15 -2  x 10.2 cm) w h i t e  c o p y i n g  s h e e t s . The s t i m u l u s  ca rd  
and c o p y in g  sh e e t  were  mounted 1" a p a r t  in  the s u b j e c t ' s  m i d l i n e  on 
a b l a c k  mask a f f i x e d  t o  th e  s u r f a c e  o f  a g r a p h i c s  t a b l e t  (Summagraphics  
B i t  Pad) .  The t a b l e t  l a y  h o r i z o n t a l l y  on the  t a b l e .  The a r rangem en t  
i s  i l l u s t r a t e d  in  F i g u r e  4~7.
The d e t a i l e d  d e s c r i p t i o n  o f  t h e  g r a p h i c s  t a b l e t  system  w i l l  be 
d e f e r r e d  to  C hap te r  11. However ,  i t  i s  r e l e v a n t  t h a t  s u b j e c t s  used 
a b a l l  p o i n t  pen m o d i f i e d  f o r  use w i t h  th e  t a b l e t .  I t  i s  p o s s i b l e  
t h a t  t h i s  pen imposed g r e a t e r  " m o t o r "  demands than  wou ld  a p e n c i l ,  o r  
even an o r d i n a r y  b a l l  p o i n t  pen,  s i n c e  i t  was t h i c k e r  than  a normal  
pen and the  apex was a t t a c h e d  t o  a f l e x i b l e  c a b l e .  In a d d i t i o n ,  t h e r e  
was a sm a l l  amount o f  t r a v e l  ( ~ 0 .5  mm) in  the  p o i n t  o f  t he  pen as i t  
was dep ressed  o r  r e l e a s e d .
4 . 2 . 3  P rocedu re
The s u b j e c t  was t o l d  t h a t  he wou ld  be shown a f i g u r e  and t h a t  he 
was to  copy i t  so t h a t  h i s  d ra w in g  was "as  s i m i l a r  as p o s s i b l e "  t o  
th e  o r i g i n a l .  I f  the  s u b j e c t  asked f o r  f u r t h e r  d e t a i l s  a t  any s ta ge  the 
i n s t r u c t i o n  was r e p e a t e d .
lb
Figure  4-7.  St imulus  ar rangement  fo r  t he  Graphical  Copying t e s t
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The 50 figures were then presented. A different random order 
of presentation was employed for each subject.
k.2 . k Scoring
The problem of choosing an appropriate scoring system is by no 
means simple. It is tempting to assume that "objective" measures of 
copying (such as point allocation for different characteristics of 
the copy) would be superior to subjective ratings. An objective 
system may be more reliable and it is certainly more open to scrutiny 
than a subjective system. However, its validity as a measure of 
graphical copying ability would need to be established before its use 
in assessing copying disability could be justified.
It must be remembered that the "similarity" requested of the 
subject in copying a figure, refers to a similarity as judged by a 
human observer and not to a similarity based on a mathematical model. 
Goldmeier (1972) has pointed out in his monog*aph on shapes, that the 
factors which make one shape appear similar to another are complicated. 
To devise a set of objective measures which would order a series of 
copies in terms of perceived similarity to the original design, would 
inevitably require subjective validation by human judges. None of 
the studies which have employed objective measures has demonstrated 
that the combined measure adopted is in fact an index of perceived 
similarity. Without this validation, use of objective measures seems 
unjustified. It was therefore decided simply to obtain subjective 
ratings from a panel of judges.
Three judges independently rated the copies on a four point scale. 
The points on the scale were (a) most satisfactory (Rating = 0), (b) 
satisfactory (Rating = 1), (c) unsatisfactory (Rating = 2) and (d) most 
unsatisfactory (Rating =3). In rating the adequacy of each copy the 
judges were instructed to take into account all aspects of the drawing.
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A l l  the c o p ie s  o f  a p a r t i c u l a r  model s t i m u l u s  were r a t e d  
t o g e t h e r ,  the  o r d e r  o f  these  c o p i e s  b e in g  s e p a r a t e l y  randomized  f o r  
each j u d g e .  The o r d e r  o f  th e  s t i m u l i  was a l s o  randomized s e p a r a t e l y  
f o r  each j u d g e .  The j u d g e s  were i n s t r u c t e d  t o  c a t e g o r i z e  the  c o p ie s  
in  two s t e p s .  In t he  f i r s t  v i e w i n g  o f  th e  s t i m u l i ,  each copy was t o  
be c l a s s i f i e d  as e i t h e r  " s a t i s f a c t o r y "  o r  " u n s a t i s f a c t o r y " .  Each o f  
t h e s e  g roups  were in  t u r n  t o  be s o r t e d  i n t o  two c a t e g o r i e s .  Thus ,  
t he  s a t i s f a c t o r y  c o p ie s  were s e p a r a t e d  a c c o r d i n g  t o  w h e th e r  th e y  were 
"m o s t  s a t i s f a c t o r y "  o r  s i m p l y  " s a t i s f a c t o r y " .  S i m i l a r l y ,  t he  un ­
s a t i s f a c t o r y  c o p ie s  were c a t e g o r i z e d  as e i t h e r  " u n s a t i s f a c t o r y "  o r  
"m o s t  u n s a t i s f a c t o r y " .  However ,  t h e  j u d g e s  were t o l d  t h a t  any c a t e g o r y  
c o u l d  be l e f t  empty.  The i n s t r u c t i o n s  t o  th e  j u d g e s ,  w h ic h  were 
communicated in  w r i t t e n  f o r m ,  a r e  i n c l u d e d  in  A ppend ix  B.
S ev e ra l  s e s s io n s  were  r e q u i r e d  f o r  each j u d g e .  Two o f  the  ju d g e s  
were  g r a d u a te s  w i t h  no n e u r o p s y c h o l o g i c a l  t r a i n i n g .  N e i t h e r  o f  th e s e  
j u d g e s  was g i v e n  any i n f o r m a t i o n  c o n c e r n i n g  the  o r i g i n  o f  s p e c i f i c  
c o p i e s ,  a l . though  bo th  were aware t h a t  some o f  t he  c o p ie s  had been 
drawn by b ra in -dam aged  s u b j e c t s  and o t h e r s  by " n o r m a l "  s u b j e c t s .  A l l  
i d e n t i f y i n g  i n f o r m a t i o n  on th e  c o p i e s ,  i n c l u d i n g  s u b j e c t  codes ,  was 
c o n c e a le d  f rom  the  j u d g e s .  The t h i r d  j u d g e  was th e  a u t h o r .  The 
i d e n t i f y i n g  marks were a l s o  c o n c e a le d  d u r i n g  t h i s  j u d g e ' s  r a t i n g  o f  
t h e  c o p i e s .  However ,  she had,  o f  c o u r s e ,  seen th e  d ra w in g s  in t he  
p r o d u c t i o n  s t a g e ,  and a l s o  d i f f e r e d  f rom  th e  o t h e r  j u d g e s  in  n e u r o ­
p s y c h o l o g i c a l  t r a i n i n g  and e x p e r i e n c e .
4 . 2 . 5  I n t e r j u d g e  r e l i a b i l i t y
A combined r a t i n g  f o r  each s u b j e c t  was c a l c u l a t e d  f o r  each j u d g e  
by a d d in g  r a t i n g s  f o r  a l l  b u t  t h e  one and two l i n e  d e s i g n s .  The i n t e r ­
j u d g e  r e l i a b i l i t y  was e x t r e m e l y  h i g h  w i t h  a Ken d a l l  C o e f f i c i e n t  o f
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Concordance c o r r e c t e d  f o r  t i e s  of  0 .98 ( x 2 (40) = 117-36,  p < . 001) .
The Spearman c o r r e l a t i o n s  between the r a t i n g s  of  the  au t ho r  and the
r a t i n g s  of  each of  the  o t h e r  two judges  were 0.97 ( t  (39) = 24.92,
p < .001) and 0.98 ( t  (30) = 30 . 7 5 , p < .001) .
C l e a r l y ,  fo r  an a p p l i c a t i o n  such as t h i s ,  t he  s imple s u b j e c t i v e
r a t i n g  system was h igh l y  r e l i a b l e .
Fur thermore ,  the s uppos i t i on^  t h a t  independent  j udges  d i f f e r
2
from the  expe r i men t e r  in ranking s u b j e c t s  appear s  unfounded .
4 . 2 . 6  I n t e r j u d ge  d i f f e r e n c e s
While the agreement  between rank o r de r  of  s u b j e c t s  was high ,  
Table  4-1 shows t h a t  t h e r e  was g r e a t e r  d i s c r epa ncy  in the  a b s o l u t e  
va l ues  as s i gned  to  t he  cop i es  by each judge ,  wi th  one o f  the  judges  
t end ing  to  be c o n s i s t e n t l y  h a r s h e r  than the  o t h e r  two.
Warr ington e t  a l .  (1966) employed an independent  j udge ,  who, i t  
was argued ,  " un i n f l ue nced  by p r ev i ous  e x p e r i e n c e  might d i f f e r  from 
n eu r op s yc h o l o g i s t s  in h i s  e v a l u a t i o n  of  the va r i ous  ways in which 
drawings may f a l l  s h o r t  o f  complete  accuracy"  (Warr ington,  1969,
P- 74) .
2 I t  is  q u i t e  p o s s i b l e  t h a t  i f  the  t a sk  i n s t r u c t i o n s  had r equ i r e d  
the  copies  to be s o r t e d  i n t o  t hose  which i n d i c a t e d  o r ga n i c  damage 
and those  which did no t ,  t he  r e s u l t s  would be d i f f e r e n t .  However,  
as e x p l a i n e d ,  the  i n s t r u c t i o n s  e x p l i c i t l y  r equ i r e d  a s o r t i n g  s o l e l y  
on the  b a s i s  o f  the  adequacy of  the  copy,  and hence i t  would be 
hoped t h a t  the  rankings  of  n e u r op s yc h o l o g i s t  and independent  
judge  would c o i n c i d e .
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TABLE 4-1
Mean and s ta n d a r d  d e v i a t i o n  o f  c o p y in g
d i s a b i l i t y  s c o re s  a c r o s s  a l l  s u b j e c t s
f o r  each o f  t he  ju d g e s
Mean S tanda rd  D e v i a t i o n
Judge 1 
Judge 2 
Judge 3
37 .59
52 .0 7
38 .05
14.57
13.54
1 5 . 1 6
( a u t h o r )
B o n f e r r o n i - t  c o m p a r i s o n s ,  between mean sc o res  f o r  each o f  the  
j u d g e s ,  r e v e a le d  t h a t  the mean s c o re  o v e r  a l l  s u b j e c t s  was n o t  
d i f f e r e n t  f o r  Judge 1 and Judge 3 ( a u t h o r )  ( t  (80)  = 1 . 0 ,  p > .05)  
b u t  t h e  sc o re s  o f  Judge 2 were s i g n i f i c a n t l y  d i f f e r e n t  f r om  th ose  o f  
Judge 1 ( t  (80)  = 3 1 - 5 4 ,  p < .01)  and Judge 3 ( t  (80)  = 3 0 . 5 4 ,  p < . 0 1 ) .  
However ,  v a r i a b i l i t y  in  r a t i n g s  was s i m i l a r  f o r  each o f  th e  j u d g e s
W h i l e  i t  appea rs  t h a t  t he  s u b j e c t i v e  s c o r i n g  sys tem was s u b j e c t  
t o  s i m p l e  t r a n s l a t i o n  o f  s c o r e s ,  p res um ab ly  due t o  the  a t t a c h m e n t  o f  
d i f f e r e n t  v a lu e s  t o  th e  v e r b a l  c a t e g o r y  l a b e l s ,  t h i s  does n o t  a f f e c t  
t h e  v a l i d i t y  o f  t he  s c o r i n g  f o r  t h i s  p r o j e c t .  As w i l l  be seen,  i t  i s  
th e  r e l a t i v e  p o s i t i o n  o f  a s u b j e c t  w i t h  r e s p e c t  t o  o t h e r  s u b j e c t s  w h ich  
i s  i m p o r t a n t  and n o t  h i s  a b s o l u t e  p o s i t i o n  on th e  s c a l e .
(F ( 3 , 4 0 )  = 1 .2 5 ,  p > . 0 5 ) .max
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4.2.7 Split-half reliability
The split-half reliability of the test was assessed by dividing 
the test into approximately parallel forms and averaging the scores 
for each form across the three judges (the split halves of the test 
were determined prior to viewing the data). The Spearman-Brown 
split-half reliability was 0.97* Thus, despite the subjective nature 
of the ratings, the test is highly reliable.
4.2.8 Distribution of copying scores
Figure 4-8 shows the average score (across all items and judges) 
for each subject in each group. This mean will be referred to as
the copying disability index.
The distribution of copying disability indices appears to be 
continuous in both the Control and Lesion groups. A Mann-Whitney U 
test shows that the mean copying disability index for the Lesion 
group (Z^ = -3.OO, p < .01) is significantly higher than the mean 
index for the Control group. This indicates that at least some of 
the Lesion subjects are suffering from a copying disorder.
It can be seen that the Lesion group indices are more variable 
than those of the Control group (F (13, 26) = 2.35, p < -05).
The highest index in the Lesion group is not very different from the 
highest index in the Control group and approximately 50% of the 
Lesion group indices are within the normal range. This suggests that 
not all Lesion subjects may have drawing deficits. Although there 
are signs of bimodality in the distribution of Lesion indices, the 
sample is too small to enable one to assert that this is significant.
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Fi gure  4-8 .  I n d i v i d u a l  Copying D i s a b i l i t y  I nd i ces  f o r  Cont ro l  
and Lesion s u b j e c t s .
(Con t ro l  s u b je c t  O Lesion s u b je c t  •  )
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4 . 2 . 9  C l a s s i f i c a t i o n  o f  c o p y in g  d i s a b i l i t y
Most s t u d i e s  conce rned  w i t h  c o n s t r u c t i o n a l  d i s a b i l i t y  have 
s e p a r a t e d  t h e i r  l e s i o n  s u b j e c t s  i n t o  two g r o u p s :  th o s e  w i t h  and th ose
w i t h o u t  t he  d i s o r d e r .  T h i s  c o u ld  be somewhat m i s l e a d i n g  i f ,  as sug ­
g e s te d  by F i g u r e  4 - 8 ,  t h e  d i s t r i b u t i o n  o f  c o p y in g  p e r fo rm anc es  i s  
c o n t i n u o u s .  Given a c o n t i n u o u s  d i s t r i b u t i o n  o f  s c o r e s ,  i t  m ig h t  be 
t h a t  r e g r e s s i o n  a n a l y s i s  wou ld  be more a p p r o p r i a t e .  However ,  as i s  
t h e  case in  t h e  p r e s e n t  s t u d y ,  t he  d a ta  o b t a i n e d  in  s t u d i e s  o f  
c o n s t r u c t i o n a l  d i s a b i l i t y  a re  n o t  a lw ay s  a p p r o p r i a t e  f o r  t h i s  t y pe  
o f  a n a l y s i s .  Samples may be t o o  s m a l l ,  dependent  v a r i a b l e s  may be 
d i s c o n t i n u o u s  and r e g r e s s i o n s  a re  l i k e l y  t o  be n o n - l i n e a r .  The 
app roach  wh ich  compares the  p e r fo rm a n c e  o f  a “ c o p y in g  d i s a b i l i t y "  
g ro u p  w i t h  a “ n o n - c o p y i n g - d i s a b i 1 i t y "  g roup  can a v o i d  many o f  th ese  
p r o b le m s .  The r e s u l t s  o f  such a n a l y s e s  may be seen as a p p r o x i m a t i o n s  
t o  t h o s e  t h a t  c o u l d  be o b t a i n e d  i f  a f u l l  r e g r e s s i o n  a n a l y s i s  were 
p o s s i b l e .  The group app roach  has been employed in  t he  a n a l y s i s  o f  
t h e  r e s u l t s  o f  th e  p r e s e n t  s t u d y .
Benton (1982) was the  f i r s t  t o  add ress  h i m s e l f  t o  t h e  p rob lem  
o f  how a b ra in -dam ag ed  sample m ig h t  be d i c h o t o m i z e d  i n t o  s u b j e c t s  w i t h  
and w i t h o u t  c o p y in g  d i s a b i l i t y .  He recommended t h a t  s u b j e c t s  be a l l o c a ­
ted  t o  groups  a c c o r d i n g  t o  a c u t - o f f  c r i t e r i o n  d e r i v e d  f r om  the  p e r f o r ­
mance o f  “ n o r m a l "  s u b j e c t s .  Most s t u d i e s  have adop te d  t h i s  g e n e ra l  
a p p r o a c h .  The c u t - o f f  p o i n t  between t h e  “ d i s o r d e r "  and “ no d i s o r d e r "  
c a t e g o r i e s  has u s u a l l y  been the  s c o r e  f o r  w h ic h  o n l y  a sma l l  p e r c e n ta g e  
(5% o r  even 0%) o f  t h e  “ n o r m a l "  c o n t r o l  s u b j e c t s  a re  w o r s e .  W a r r i n g t o n ,  
James and K ins bou rn e  (1966)  adop te d  a somewhat d i f f e r e n t  approach  t o  
d i c h o t o m i z i n g  t h e i r  s u b j e c t s .  These a u t h o r s  d i d  n o t  employ a normal  
c o n t r o l  group in  t h e i r  s t u d y .  I n s t e a d ,  a l l  t hose  p a t i e n t s  who pe r fo rm ed
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below the median score of the combined lesion group were denoted 
copying impaired. By definition, then, approximately 50% of their 
patients were said to suffer from a copying disorder.
While not entirely satisfactory^, the Benton method was adopted 
in this study. A 0% criterion was employed. Thus the brain-damaged 
subjects were classified into two groups. These were
(1) Graphical Copying Disability (GCD) group which consisted of 
those subjects who scored worse than the worst control on 
the copying test;
(2) Don-Graphical- Copying-Disability (GCD) group consisting of 
subjects whose scores were within the normal range.
Fourteen subjects were classified into the GCD group and 13 subjects 
were allocated to the GCD group. The cut-off score for these two 
groups happened to correspond to the median score for the entire 
lesion group so that the same groups would have been generated had 
the Warrington, James and Kinsbourne criterion been employed. 
Coincidentally, the cut-off score also fell midway between the "satis­
factory" and "unsatisfactory" points on the rating scale.
The mean copying disability index for the Control, GCD and GCD 
groups is shown in Table h-2. By definition, the GCD group is poorer 
than the other two groups. The Control and GCD groups do not differ 
in mean copying disability index (t (25) = 0.66, p > .05). Thus, there 
is no evidence that the GCD group is suffering from copying disability.
Both the Benton (1962) and Warrington et al (1966) methods suffer from 
the problem of a limited definition of "impairment". Neither take 
into account decrements with respect to premorbid performance. Thus, 
two subjects suffering the same absolute decrement in performance 
might be classified into different groups, depending on their initial 
copying ability.
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Table  4-2
Mean copy ing  d i s a b i l i t y  index f o r  each o f  
the groups
G r o u p N M e a n  I n d e x SD
C o n t r o l 14 1.12 0.31
GCD 13 1.19 0.19
GCD 14 1.93 0.36
The percentage o f  Les ion  s u b je c t s  c l a s s i f i e d  as possessing  a 
copy ing  d i s a b i l i t y  (52%) is  h igh  in compar ison w i t h  o th e r  drawing 
t e s t s  (see Table  2 -1 ,  Chapter  2 ) .  For example,  us ing  the same c u t - o f f  
c r i t e r i o n  bu t  employing the  BVRT, Benton (1987),  repo r ted  o n ly  3% 
o f  h i s  le s io n  s u b je c t s  as showing a copy ing  d i s a b i l i t y .  A r r i g o n i  and 
De Renzi (1964) c l a s s i f i e d  27% o f  t h e i r  s u b je c t s  as c o p y in g - d i s a b le d .
There a re  severa l  p o s s i b le  causes o f  t h i s  apparent  d is c re pa n cy .
For example,  i t  is  p o s s i b l e  t h a t  the  le ss  r e s t r i c t i v e  s c o r in g  i n s t r u c ­
t i o n s ,  and the g r e a t e r  number o f  t e s t  i tems employed in the  presen t  
s tu d y ,  r e s u l t e d  in a more s e n s i t i v e  tes t . .  On the  o th e r  hand, i t  might  
be t h a t  the s u b je c t s  in the  p resen t  sample s im p ly  s u f f e r e d  more marked 
damage to  the b r a in  than s u b je c t s  in o t h e r  s t u d ie s .  Examinat ion  o f  
i n d i v i d u a l  records suggests t h a t  the  r a t i n g s  were i d e n t i f y i n g  some 
p a t i e n t s  w i t h  q u i t e  s u b t l e  copy ing d i f f i c u l t i e s  wh ich would have been 
over looked  upon casual  i n s p e c t i o n  o r  in a s h o r t e r  o r  less  comprehensive
t e s t .
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4 . 2 . 1 0  I n t r a - i tem  com par isons
F i g u r e s  4 -9  t o  4-11 show th e  mean c o p y in g  d i s a b i l i t y  in dex  f o r  
each g roup  on each i tem  o f  the  c o p y in g  t e s t .  The GCD g roup  scored  
worse  than  the  GCD g roup  and t h e  C o n t r o l  group  on e v e r y  i t e m .  A t  the  
same t i m e ,  t h e r e  was no c o n s i s t e n t  d i f f e r e n c e  between th e  GCD group  
and th e  C o n t r o l  g r o u p .  I t  i s  n o t a b l e  t h a t  even th e  s i n g l e  and doub le  
l i n e  i tems show th e  same p a t t e r n  o f  d i f f e r e n c e s  between th e  GCD and the  
GCD and C o n t r o l  g r o u p s ,  a l t h o u g h  t h e s e  i tems were n o t  used t o  c l a s s i f y  
t h e  s u b j e c t s .  T h i s  r a i s e s  some i n t e r e s t i n g  q u e s t i o n s  w h ic h  w i l l  be 
add ressed  in a l a t e r  c h a p t e r .
I t  i s  n o t  i n t e n d e d  t o  examine th e  q u e s t i o n  o f  i n t e r - i t e m  
d i f f e r e n c e s  in any d e t a i l  he re .  Tha t  t h e r e  i s  an a b s o l u t e  d i f f e r e n c e  
between th e  groups f o r  a l l  i tems m ig h t  su g g e s t  t h a t  t h e  c h o i c e  o f  
f i g u r e  t y p e  i s  g e n e r a l l y  i r r e l e v a n t  t o  t h e  c l a s s i f i c a t i o n  ( a l t h o u g h  
o f  c o u r s e ,  d i f f e r e n t  i tems may be c o n t r i b u t i n g  f o r  d i f f e r e n t  s u b j e c t s ) .  
There  appears  t o  be some v a r i a t i o n  in t he  degree  t o  w h ic h  d i f f e r e n t  
i tems  d i s c r i m i n a t e d  between the  g r o u p s .  However ,  the  v a r i a t i o n  fo rms 
no o b v io u s  p a t t e r n  and such v a r i a t i o n s  a re  t o  be e x p e c te d  in  v iew  o f  
the  u n r e l i a b i l i t y  o f  s c o re s  on i n d i v i d u a l  i t e m s .  For  t he  pu rposes  o f  
th e  p r e s e n t  a n a l y s i s  t he  t e s t  was t r e a t e d  as a homogeneous s e t  o f  
i tems y i e l d i n g  a s i n g l e  measure o f  g r a p h i c a l  c o p y in g  d i s a b i l i t y .
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CHAPTER 5
GRAPHICAL COPYING D IS A B IL IT Y  AND COMPLEX 
PERCEPTUAL DISCRIMINATION
Ev idence  t h a t  a t  l e a s t  some g r a p h i c a l  c o p y in g  p rob lem s  a re  
a s s o c i a t e d  w i t h  p e r c e p t u a l  d i s o r d e r ,  d a te s  back t o  th e  e a r l y  case 
s t u d i e s  o f  c o n s t r u c t i o n a l  a p r a x i a .  Subsequent  e x p e r i m e n t a l  s t u d i e s  
have c o n f i r m e d  th e  im p o r ta n c e  o f  p e r c e p t u a l  im p a i rm e n t  in  c o p y in g  
d i s o r d e r .  On t h e  o t h e r  hand,  P a te rs o n  and Z a n g w i l l  (19^4)  have 
sugges te d  t h a t  c e r t a i n  a s p e c t s  o f  p e r c e p t i o n  may remain i n t a c t  in  
c o p y i n g - d i s a b l e d  p a t i e n t s .  In p a r t i c u l a r ,  th e  a u t h o r s  found  t h a t  
“ fo rm  and p a t t e r n  c o u ld  be p e r c e i v e d  n o r m a l l y  and t h a t  i m p l i c i t  aware ­
ness o f  s p a t i a l  r e l a t i o n s h i p  was n o t  a f f e c t e d "  (p .  3 5 ^ ) -  However ,  
P a te rs o n  and Z a n g w i l l ' s  c o n c l u s i o n s  were based on case s t u d i e s  and 
th e  “ r e c o g n i t i o n "  t e s t s  employed were  n o t  d e s c r i b e d .  Subsequent  
g roup  i n v e s t i g a t i o n s  have n o t  p r o v i d e d  ( n o r  been concerned  w i t h  
p r o v i d i n g )  a c l e a r  s t a t e m e n t  o f  t h e  n a t u r e  o f  th e  p e r c e p t u a l  d i s ­
a b i l i t i e s  w h ich  a re  a s s o c i a t e d  w i t h  c o n s t r u c t i o n a l  p r o b le m s .  T h i s  
c h a p t e r  i s  the  f i r s t  o f  s e v e r a l  w h i c h ,  t o g e t h e r ,  a re  concerned  w i t h  
e x p l o r i n g  the r e l a t i o n s h i p  between g r a p h i c a l  c o p y in g  d i s a b i l i t y  and 
d i f f e r e n t  t y pes  o f  p e r c e p t u a l  d i f f i c u l t y .  T h i s  a n a l y s i s  commences in  
t h i s  c h a p t e r  w i t h  a c o n s i d e r a t i o n  o f  th e  r e l a t i o n s h i p  between co p y in g  
d i s a b i l i t y  and p a t t e r n  d i s c r i m i n a t i o n .  More s p e c i f i c a l l y ,  t he  c h a p t e r
r e p o r t s  t h e  r e s u l t s  o f  an i n v e s t i g a t i o n  o f  t he  a b i l i t y  o f  GCD, GCD
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and C o n t r o l  s u b j e c t s  t o  d i s c r i m i n a t e  between a v a r i e t y  o f  t r a n s ­
formed v e r s i o n s  o f  a s e l e c t i o n  o f  th e  complex  d e s ig n s  employed in  
t he  Copying t e s t .
5.1 BACKGROUND
There  have a l r e a d y  been s e v e r a l  i n v e s t i g a t i o n s  o f  v i s u a l  p a t t e r n  
d i s c r i m i n a t i o n  a b i l i t y  in  g roups  o f  c o p y i n g - d i s a b l e d  s u b j e c t s .  (Dee, 
1970; Arena & G a i n o t t i ,  1978; B e l l e z a ,  R a p p a p o r t ,  Hopkins & H a l l ,
1979)-  These s t u d i e s  have been d i s c u s s e d  in  C h a p te r  2 and w i l l  not  
be d e t a i l e d  a g a in  h e r e .  They su g g e s t  t h a t  c o p y in g  d i s a b i l i t y  i s  a s s o c i ­
a t e d  w i t h  poor  d i s c r i m i n a t i o n  o f  com plex  p a t t e r n s .  The t e s t  o f  complex 
( m u l t i p l e  e le m en t )  d i s c r i m i n a t i o n  a d m i n i s t e r e d  in  t h i s  s t u d y  was 
employed because i t  was a l o g i c a l  f i r s t  s te p  in  a sequence o f  t e s t s  
a n a l y s i n g  components  o f  g r a p h i c a l  c o p y i n g .  However ,  the  c o n s t r u c ­
t i o n  o f  t he  d i s c r i m i n a t i o n  t e s t  was g u id e d  by th e  i n t e n t i o n  t h a t  i t  
c o u ld  be used t o  e x te n d  the  f i n d i n g s  o f  p r e v i o u s  i n v e s t i g a t i o n s .  
A c c o r d i n g l y ,  the  t e s t  d i f f e r s  f r om  th e  e a r l i e r  t e s t s  in a number o f  
sm a l l  b u t  p o t e n t i a l l y  s i g n i f i c a n t  ways .
F i r s t l y ,  p r e v i o u s  s t u d i e s  have c o n c e n t r a t e d  e x c l u s i v e l y  upon 
o v e r a l l  measures o f  d i s c r i m i n a t i o n  e r r o r  and have n o t  d i s t i n g u i s h e d  
between d i f f e r e n t  t y p e s  o f  d i s c r i m i n a t i o n .  T h i s  i s  s u r p r i s i n g  s i n c e  
i t  seems l i k e l y  t h a t  a s u b j e c t ' s  a b i l i t y  t o  d i s c r i m i n a t e  between two 
p a t t e r n s ,  m ig h t  depend on t h e  t r a n s f o r m a t i o n a l  r e l a t i o n s h i p  between 
them. For  i n s t a n c e ,  a t r a n s f o r m a t i o n  w h ic h  a l t e r s  t he  e n t i r e  fo rm  
may be more d i s c r i m i n a b le  than a t r a n s f o r m a t i o n  w h ic h  i s  a p p l i e d  o n l y  
t o  a component o f  a f i g u r e .  In a t t e m p t i n g  t o  u n d e r s ta n d  the  n a t u r e  
o f  g r a p h i c a l  c o p y in g  d i s a b i l i t y ,  i t  seems r e a s o n a b le  t o  ask no t  o n l y
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whether the subject with copying disability shows evidence of 
impairment in perceptual discrimination, but also whether there 
are discriminations which he _i_s_able to make. In this study, a 
variety of transformations was employed in the hope of detecting 
both sparing and impairment of perceptual discrimination abilities 
in copying-disabled subjects.
Secondly, in this test, response latencies, as well as error 
measures, were recorded. In previous studies, the overall error score 
has been the only measure of discrimination performance. However, 
response latency could provide an important indicator of matching 
ability. It is possible that a patient experiencing certain percep­
tual difficulties could compensate for his problem by employing a 
special strategy. For example, while a normal person might make a 
certain discrimination by applying a global matching strategy, a 
patient in whom that particular aspect of perception is disordered, 
could still succeed by means of a careful sequential and logical 
analysis. It would be expected that such a difficulty might be
reflected in a delayed response. Of course, extremely rapid responses 
to a perceptual discrimination task are also relevant when seen in 
a patient who is making many errors. Such rapid responses might 
indicate that the subject is performing poorly as the result of a 
failure to analyse the stimuli adequately, either because of an 
inability to do so, a failure to see the necessity for doing so, or 
through poor motivation to perform well.
The third difference between the present and previous tests is 
that each of the standards employed in this test was a single figure 
design. All the previous group studies of complex discrimination have 
employed designs consisting of more than one figure. Since discrimination
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between m u l t i p l e - f i g u r e  s t i m u l i  may r e p r e s e n t  a s p e c i a l  case ,  i t  is  
i m p o r t a n t  t o  d e t e r m in e  i f  t he  p e r c e p t u a l  m a tc h in g  d i f f i c u l t y  seen 
in  c o p y in g  d i s a b i l i t y  e x te n d s  t o  s t i m u l i  c o n s i s t i n g  o f  a s i n g l e  
f i g u r e .
F i n a l l y ,  a t w o - a l t e r n a t i v e  f o r c e d - c h o i c e  p r o c e d u r e  was employed 
in  t h e  p r e s e n t  s t u d y .  The s u b j e c t  was p r e s e n t e d  w i t h  t h r e e  s t i m u l i  
a t  one t im e  (a s t a n d a r d  and two c om par ison  s t i m u l i ,  one o f  wh ich  
was i d e n t i c a l  t o  the  o r i g i n a l ) ,  and a l l  t h r e e  s t i m u l i  were a l i g n e d  in  
th e  s u b j e c t ' s  m i d l i n e .  T h i s  l a y o u t  d i f f e r s  f r om  those employed in  the  
o t h e r  group  s t u d i e s  in  t h a t  t he  l a t t e r  have a lw ays  employed f o u r  o r  
more compar ison  s t i m u l i  w h ic h  have been a r ra n g e d  h o r i z o n t a l l y  o r  in 
a m a t r i x .  Such a r ra n g e m e n ts  may c r e a t e  d i f f i c u l t i e s  f o r  p a t i e n t s  w i t h  
v i s u a l  f i e l d  d e f e c t s ,  p a r t i c u l a r l y  in cases o f  u n i l a t e r a l  i n a t t e n t i o n  
where th e  ex t reme s t i m u l i  in  one f i e l d  m ig h t  be i g n o r e d ^ .  In 
a d d i t i o n ,  i t  m ig h t  be e x p e c te d  t h a t  t he  l a r g e r  the  number o f  c o m p a r i ­
son s t i m u l i ,  t he  more th e  t a s k  demands in depe nden t  o f  t he  p r i m a r y  
t a s k .  For  i n s t a n c e ,  i f  t h e r e  a re  f o u r  c om par ison  s t i m u l i ,  t he  s u b j e c t  
must compare th e  s t a n d a r d  w i t h  each o f  the  com par ison  s t i m u l i  in t u r n ,  
i d e n t i f y i n g  and r e t a i n i n g  in  memory the  p o s i t i o n  o f  c om par ison  i tems  
a l r e a d y  p ro c e s s e d ,  and s e l e c t i n g  th e  i tem  t o  be checked n e x t .  V/h i le
Of c o u r s e ,  in th e  p r e s e n t  a r r a n g e m e n t ,  s u b j e c t s  may s t i l l  i g n o r e  
one s i d e  o f  the  s i n g l e  s t i m u l u s .  T h i s  i s  p r o b a b l y  u n a v o id a b le  
r e g a r d l e s s  o f  t h e  p lac em en t  o f  s t i m u l i .  However ,  in  t h i s  re s p e c t  
th e  t a s k  has been d e s ig n e d  as an a na log ue  t o  the  c o p y in g  t a s k  so 
t h a t  u n l i k e  t a s k s  employed in p r e v i o u s  s t u d i e s ,  i t  does n o t  impose 
" v i s u a l  f i e l d  d i f f i c u l t i e s "  beyond t h o s e  w h ic h  wou ld  be p r e s e n t  in  
t he  c o p y in g  t a s k .
t h i s  i s  a l s o  t r u e  o f  t he  p r e s e n t  t a s k ,  t he  demands he re  a r e  le s s  and 
more c l o s e l y  resem ble th e  demands o f  t h e  c o p y in g  t a s k ^ .
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5 .2  METHOD
5 . 2 . 1  S t i m u 1 i
T h i s  s e c t i o n  c o n t a i n s  a d e s c r i p t i o n  o f  th e  S ta nda rd  and Com par i ­
son s t i m u l i  employed in  t he  P e r c e p t u a l  D i s c r i m i n a t i o n  t a s k .  I t  w i l l  
be seen t h a t  the  S tanda rd  s t i m u l i  were  a sma l l  su b s e t  o f  t he  Copying 
t e s t  i t e m s .  The s e l e c t i o n  o f  o n l y  a subs e t  o f  the  Copying  t e s t  i tems  
f o r  t h i s  pu rpose seems j u s t i f i a b l e  in  th e  l i g h t  o f  t h e  c o n s i s t e n t l y  
poor  pe r fo rm ance  o f  t h e  GCD g roup  a c r o s s  a l l  t y p e s  o f  c o p y in g  s t i m u l i  
(see C hap te r  4 . 2 . 1 0 ) .
In g e n e r a t i n g  the  Compar ison s t i m u l i  an a t t e m p t  was made t o  
sample a w ide  v a r i e t y  o f  t r a n s f o r m a t i o n s .  I d e a l l y  th e  s e l e c t i o n  o f  
th ese  t r a n s f o r m a t i o n s  wou ld  be gu ided  by a fo rm a l  t h e o r y  o f  shape 
p e r c e p t i o n .  In t h e  absence o f  such a t h e o r y ,  s e l e c t i o n  was gu ided  
by i n t u i t i o n .  The c l a s s i f i c a t i o n  employed in  s e l e c t i n g  the  t r a n s ­
f o r m a t i o n  i s  o u t l i n e d  be low .  No c l a i m s  a r e  made f o r  t h e  psycho ­
l o g i c a l  v a l i d i t y  o f  t he  c a t e g o r i e s  employed .
S tandard  s t i m u l i
The e i g h t  S ta nda rd  s t i m u l i ,  w h i c h  a r e  i l l u s t r a t e d  in  F ig u r e  
5-1 , were f i g u r e s  f r om  t h e  Copying  t a s k .  I t  w i l l  be seen t h a t  h a l f  
o f  t h e  f i g u r e s  were s y m m e t r i c a l  ab o u t  th e  v e r t i c a l  a x i s  and h a l f  were 
a s y m m e t r i c a l .  One o f  t h e  f i g u r e s  o f  each t y p e  was c l o s e d  w h i l e  t he  
re m a in in g  f i g u r e s  were open .  The l a t t e r  d i f f e r e d  in  t h e  s t r u c t u r a l
S n  f a c t ,  the  s i t u a t i o n  most s i m i l a r  t o  t h e  Copying t a s k  wou ld  be the  
case where o n l y  one com pa r ison  s t i m u l u s  i s  employed and th e  p a t i e n t  
r e q u i r e d  t o  o f f e r  a "same"  o r  " d i f f e r e n t "  response .  U n f o r t u n a t e l y ,  
p i l o t  s t u d i e s  i n d i c a t e d  t h a t  such a t a s k  i s  h e a v i l y  dependent  upon 
p e r c e i v e d  t a s k  demand ( i . e .  s u b j e c t s  may f a i l  t o  r e c o g n i z e  t h a t  th ey  
must sea rch  f o r  " s m a l l "  changes and may make e r r o r s  w h ic h  th e y  wou ld  
n o t  make in  a f o r c e d - c h o i c e  s i t u a t i o n . )
Symmetrical Asymmetrical
Cl osed
Chained
F i g u r e  5 “ 1. Complex P e r c e p t u a l  D i s c r i m i n a t i o n  t e s t  s t a n d a r d s
( S c a l e  1 : 1 . 5 )
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r e l a t i o n s h i p s  between t h e i r  p a r t s .  Three  t y pes  o f  open f i g u r e  were 
em p loyed .  These w i l l  be d e s c r i b e d  as "embedded " ,  " b r a n c h e d "  and 
" c h a i n e d " .
Compar ison s t i m u l i
A p a i r  o f  Compar ison s t i m u l i  was p r e s e n t e d  w i t h  each S ta n d a rd .
One o f  the  p a i r  was i d e n t i c a l  t o  t h e  S ta n d a r d .  The o t h e r  was a d i s -  
t r a c t o r  s t i m u l u s  t h a t  was a t r a n s f o r m e d  v e r s i o n  o f  t he  S ta n d a rd .  Each 
S ta n d a rd  was p a i r e d  w i t h  a number o f  d i f f e r e n t  d i s t r a c t o r s .
The t r a n s f o r m a t i o n s  employed t o  g e n e r a t e  t he  d i s t r a c t o r  s t i m u l u s  
s e t  f o r  each s ta n d a r d  i n c l u d e d  changes in  s i z e , o r i e n t a t i o n , r e l a t i v e  
p o s i t i o n  s t r u c t u r e  and d i s t i n g u i s h ?  n g - f e a t u r e s . Where the  n a t u r e  o f  
t h e  s ta n d a r d  made i t  p o s s i b l e ,  e v e r y  t r a n s f o r m a t i o n  was a p p l i e d  
b o th  t o  a component o f  t h e  f i g u r e  and t o  the w ho le  f i g u r e .  I t  was 
i n t e n d e d  t h a t  the  g l o b a l  t r a n s f o r m a t i o n  s hou ld  be d i s c r i m i n a b l e  
w i t h o u t  a d e t a i l e d  a n a l y s i s  o f  t h e  f i g u r e  w h i l e  t h e  component t r a n s ­
f o r m a t i o n  s hou ld  n o t  be o b v i o u s  upon i n i t i a l  v i e w i n g  b u t  s hou ld  
r e q u i r e  a more d e t a i l e d  a n a l y s i s  o f  t he  f i g u r e .  In t h e  g l o b a l  t r a n s ­
f o r m a t i o n s ,  e v e r y  l i n e  was a l t e r e d .  In t h e  case o f  t he  a s y m m e t r i c a l  
f i g u r e s  a component change was g e n e r a te d  by a l t e r i n g  one l i n e  ( h a l f  
o f  t he  f i g u r e s  a l t e r e d  on th e  l e f t  hand s i d e  and h a l f  on t h e  r i g h t  
hand s i d e ) .  In s y m m e t r i c a l  f i g u r e s ,  a l i n e  and i t s  c o r r e s p o n d i n g  
m i r r o r  image were a l t e r e d  t o  p r e v e n t  d i s c r i m i n a t i o n s  based s o l e l y  on 
th e  absence o f  symmet ry .
The maximum number o f  d i s t r a c t o r s  f o r  a g i v e n  S tanda rd  was 16. 
However ,  th e  s m a l l e s t  S ta n d a rd  d i s t r a c t o r  s e t  c o n t a i n e d  12 s t i m u l i .
A d e s c r i p t i o n  o f  each o f  th e  d i s t r a c t o r  t y pes  f o l l o w s .  Each t y p e  
i s  i l l u s t r a t e d  by i t ems  f rom  the  d i s t r a c t o r  s e t  o f  t h e  as y m m e t r i c a l  
embedded s t i m u l u s .  The c o m p le te  s e t  o f  d i s t r a c t o r s  used f o r  each 
s t a n d a r d  i s  a v a i l a b l e  i n  A ppend ix  C.
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Size dis tractors
The s i z e  d i s t r a c t o r s  were produced  by i n c r e a s i n g  l i n e  l e n g t h  by 
a f a c t o r  o f  1 .33*  T h i s  f a c t o r  was chosen as one t h a t  m ig h t  produce 
a d i s c r i m i n a b l e  a l t e r a t i o n  in  t h e  s i z e  o f  a l i n e  when c o n s id e r e d  
a l o n e ,  w h i l e  n o t  be in g  so s a l i e n t  t h a t  th e  t r a n s f o r m a t i o n  wou ld  be 
im m e d ia t e l y  a p p a r e n t  when embedded in  a f i g u r e .  The t r a n s f o r m a t i o n  
was a p p l i e d  to  a component o f  th e  f i g u r e  t o  produce  " c o m p o n e n t - s i z e "  
d i s t r a c t o r s ,  and t o  each l i n e  in  t he  f i g u r e  t o  produce  " g 1o b a 1- s i z e "  
d i s t r a c t o r s .  F i g u r e  5 - 2 c o n t a i n s  examples o f  each o f  these  d i s t r a c t o r
t y p e s .
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ST ANDARD
SIZE DISTRACTORS
Component Global
F i g u r e  5 “ 2.  S i z e  d i s t r a c t o r s  f o r  t h e
a s y m m e t r i c a l  embedded s t a n d a r d  
(Sea 1e 1 : 1 . 2 )
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Orientation distraotors
The "globa1-orientation" distractors were generated by applying 
15°, 90° and l80° rotations and a mirror reflection. However, of 
these, only the 15° orientation change could be employed for the 
"component-orientation" distractor items. The remaining orientation 
transformations, when applied to a single component, would in most 
cases markedly alter the whole appearance of the figure or in the 
case of the l80° rotation, not alter the figure at all. Only two 
component-orientation transformations were employed. These were a 
15° rotation, and another change that was intended to be easily per­
ceptible when seen in isolation but non-salient in context. The latter 
involved replacing an oblique line with a horizontal/vertica 1 line 
or vice versa. Examples of the orientation distractors are contained 
in Figure 5-3.
Translational distraotors
Translational distractors were generated for the embedded and 
branched Standards by moving one of a given pair of intersecting 
lines in such a way as to shift the point of intersection while pre­
serving the original connectivity relationships (see below) and 
orientations. (see Figure 5-*0 • In the "component-translational" 
distractors only one line was shifted. In the case of the "global- 
translational" distractors a shift was made at each intersection. 
Structural distractors
The structural distractors were generated from the standard 
figures by translating lines (i.e. moving them without altering their 
orientations) so that connectivity relationships between component 
lines were changed. Four connectivity relationships between pairs of 
lines may be distinguished. These are (l) disjoint connection
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STANDARD
ORIENTATION DISTRACTORS
Component Global
Figure 5"3- O r ie n ta t i o n  d i s t r a c t o r s  f o r  the asymmetr ical  embedded 
standard (Sea 1e 1 :1 .5)
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STANDARD
TRANSLATIONAL DISTRACTORS
Component Global
F i g u r e  5 " ^ -  T r a n s l a t i o n a l  d i s t r a c t o r s  f o r  t h e  a s y m m e t r i c a l  embedded 
s t a n d a r d  ( S c a le  1 : 1 . 5 )
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(non-connected) (2) end-to-end connection (3) T-junction and (4) 
intersection. In the cases illustrated in Figure 5“5, the struc­
tural distractors for the embedded figure (connectivity relationship 
type *0 included a branched figure (connectivity relationship type 3), 
a chained figure (connectivity relationship type 2) and a discontin­
uous figure (connectivity relationship type 1). There were component 
and global distractors for each type of structural distractor. These 
distractors were generated for all but the closed figure standards 
for which only one type of structural distractor was employed. The 
structural distractors for the closed figures were generated by 
introducing a discontinuity in the perimeter of the figure (see 
Figure 5~6) so that the closed figure was converted to an "open" 
figure.
Distinctive-feature distractors
A fifth transformation was included which was not based on 
change along an objectively specifiable dimension. This consisted 
of replacing a distinctive (or phenomenally salient part of a figure) 
with an alternative, and different, distinctive feature. This trans­
formation was applied to a feature in the upper, or lower, or both 
upper and lower area of the closed figures (see Figure 5~7)• In an 
attempt to produce a second even more salient set of transformations, 
a discontinuity was introduced into the perimeter of each of these 
distractors (see Figure 5“7)•
Stimulus arrangement
Each Standard and Comparison stimulus pattern was centred on a 
rectangular white card measuring 6" x V  (15-2 x 10.2 cm). The 
Standard stimulus was mounted on a black card measuring 8" x 5-511 
(20.3 x 21.6 cm). Each Comparison pair (which consisted of a distractor
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STANDARD
STRUCTURAL DISTRACTORS
Component Global
F i g u r e  5~ 5 * S t r u c t u r a l  d i s t r a c t o r s  f o r  t h e  a s y m m e t r i c a l  embedded 
s t a n d a r d  ( S c a le  1 : 1 . 5 )
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STANDARD
STRUCTURAL DISTRACTOR 
FOR
CLOSED FIGURE
F i g u r e  5~S ■ S t r u c t u r a l  d i s t r a c t o r  f o r  t h e  
s y m m e t r i c a l  c l o s e d - f i g u r e  
( S c a l e  1 : 1 . 5 )
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s t andard
DISTINGUISHING -  FEATURE DISTRACTORS
F i g u r e  5_7- Examples o f  D i s t i n g u i s h i n g - f e a t u r e  d i s t r a c t o r s  f o r
t he  s y m m e t r i c a l  c l o s e d - f i g u r e  ( Sc a l e  1 : 1 . ^ )
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s t im u lu s  and a s t im u lu s  t h a t  was i d e n t i c a l  t o  the  Standard)  was 
mounted on a b la c k  card measur ing 8"  x 10" (20 .3  x 25.4 cm). The 
two Comparison s t i m u l i  were a rranged v e r t i c a l l y  on t h i s  card w i t h  a 
s e p a ra t io n  o f  £ "  (1 .27 cm). The "u p p e r "  and " l o w e r "  s t i m u l i  on the 
card were c l e a r l y  l a b e l l e d  " 1 "  and " 2 "  r e s p e c t i v e l y .  The d i s t r a c t o r  
s t i m u l i  appeared e q u a l l y  o f t e n  in the  upper and lower p o s i t i o n  across  
a l l  Comparison p a i r s .
The Standard and Comparison cards were a l i g n e d  on the  t a b le  in 
the s u b j e c t ' s  m i d l i n e ,  the  Comparison card being  nea re r  the  s u b j e c t .  
The s t i m u l i  had been mounted so t h a t  when the cards were a l ig n e d  in 
t h i s  way, a 1" (2 .54  cm) surround  framed the  th r e e  s t i m u l i  and 
separa ted the Standard s t im u lu s  f rom the  Comparison s t i m u l i  (see 
F igu re  5“ 8 ) .
5 .2 .2  Procedure
The s u b je c t  was f i r s t  shown a s im p le  d em ons t ra t ion  i tem.  The
Standard employed in t h i s  i tem was a c ross  and the  d i s t r a c t o r  was a
c i r c l e .  The s u b je c t  was t o l d
"1 want you t o  look  a t  t h i s  p i c t u r e  (E i n d i c a t e s  Standard 
s t im u lu s )  and below i t ,  two more p i c t u r e s  (E i n d i c a t e s  
Comparison s t i m u l i ) .  You can see t h a t  these two p i c t u r e s  
are l a b e l l e d  11 ‘ and ' 2 1. I want you to  t e l l  me which o f  
these p i c t u r e s  11 1 and ' 2 '  (E i n d i c a t e s  Comparison designs 
aga in )  is  the  same as the top p i c t u r e " .
A f t e r  the s u b j e c t  had s u c c e s s f u l l y  i n d i c a te d  the  c o r r e c t  Compar i ­
son s t im u lu s  on the dem ons t ra t ion  i tem he was shown the  exper im en ta l  
Standard and an opaque cover sheet which concealed a Comparison p a i r .  
The s u b je c t  was t o l d
"Now, the re  are  two p i c t u r e s  under here (E i n d i c a t e s  
cover s h e e t ) .  I 'm going t o  take the  sheet  away and 
then I want you to  t e l l  me which o f  the p i c t u r e s  '1*  
o r  ' 2 '  is  the same as t h i s  top p i c t u r e  (E i n d i c a t e s  
S ta n d a rd ) " .
STANDARD
CARD
COMPARISON
CARD
STANDARD
S T I M U L U S
D I S T R A C T O R
S T I M U L U S
F igu re  5“ 8. S t im u lu s  arrangement in the  Complex 
Percep tua l  D i s c r i m i n a t i o n  t e s t .  
(Scale  1 :3 .3 )
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The cover sheet was then removed and a timer activated. When the 
subject indicated his choice of Comparison stimuli, either verbally 
or by a manual response, the timer was stopped and the response and 
latency recorded. The process was repeated for each Comparison pair 
for a Standard until all distractors for that Standard had been 
presented. A shortened version of the instructions was repeated 
periodically. The Comparison pairs for a Standard were presented in 
an individually randomized order for each subject. The Standards 
were also presented in a different random order for each subject but 
were interspersed with other tests.
5.3 RESULTS1
5-3-1 Errors
Figure 5_9 depicts the mean number of errors for the Normal, 
GCD and GCD groups across all complex discrimination items. A 
one-way analysis of variance of the logarithmically transformed 
error scores yielded a significant difference in mean error across 
the Groups (F (2, 38) = 5-13, p < -02). The logarithmic trans­
formation (log (X + 1)) was applied in order to decrease hetero­
geneity of variance across groups. In fact, the heterogeneity of 
within-group variance, which was significant before transformation 
(.^max 13) = 7-66, p < .01), was satisfactorily reduced by the
transformation (F (3, 13) = 2.86, p > .05).max r
Detailed data and statistical summary tables for the results reported 
in this and subsequent chapters are contained in the relevant Appen- 
d i ces.
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CONTROL
GROUP
F i g u r e  5 - 9 .  Mean e r r o r  on th e  Complex D i s c r i m i n a t i o n  
t a s k  f o r  each g ro u p .
108
Duncan m u l t i p l e - r a n g e  t e s t s ^  showed t h a t  t h e  GCD group  made 
s i g n i f i c a n t l y  more e r r o r s  than th e  C o n t r o l  g roup  { q  = b .2,  p < .01) 
and th e  GCD g roup  { q  = 3*56, p  < *01) ,  b u t  t h a t  th e  C o n t r o l  and GCD 
groups  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  ( q  = 0.58,  p > .05) .
F ig u r e  5~10 shows th e  e r r o r  p r o p o r t i o n  f o r  each o f  t he  t r a n s ­
f o r m a t i o n  t y p e s  ( a r r a n g e d  in  o r d e r  o f  d e c r e a s i n g  d i f f i c u l t y  f o r  the  
GCD g r o u p ) .  I t  can be seen t h a t  t h e  p a t t e r n  o f  e r r o r s  a c r o s s  t r a n s ­
f o r m a t i o n s  i s  s i m i l a r  f o r  each o f  th e  g r o u p s .  However ,  w i t h  t h e  
e x c e p t i o n  o f  t h e  l a s t  t r a n s f o r m a t i o n  t y p e s  on the  g r a p h ,  t he  GCD 
g roup  appea rs  c o n s i s t e n t l y  p o o r e r  than  th e  C o n t r o l  o r  GCD g r o u p s .
The e x c e p t i o n s  i n c l u d e  th e  d i s t i n g u i s h i n g - f e a t u r e  t r a n s f o r m a t i o n  t y p e ,  
f o r  w h ic h  no s u b j e c t  made an e r r o r ,  t he  m a jo r  g l o b a l  r o t a t i o n  c on ­
d i t i o n s  (90° and 180°)  and the  g l o b a l - s t r u c t u r a l  t r a n s f o r m a t i o n  t y p e  
f o r  w h ic h  t h e r e  i s  v e r y  l i t t l e  d i f f e r e n c e  between g r o u p s .  The e r r o r  
r a t e s  f o r  th e  C o n t r o l  and GCD groups  a r e  s t r i k i n g l y  s i m i l a r  a c r o s s  
a l l  t r a n s f o r m a t i o n  t y p e s .
The Duncan t e s t  was employed as i t  i s  one o f  t he  more p o w e r fu l  o f  
a number o f  m u l t i p l e - c o m p a r i s o n  t e s t s  des igne d  f o r  use where a 
s e r i e s  o f  p a i r w i s e  com pa r isons  must be c o n d u c te d .  A l t h o u g h  
m u l t i p l e  u n p r o t e c t e d  t - t e s t s  have been employed in  p r e v i o u s  
s t u d i e s  in t h e  a r e a ,  t h e i r  use m ig h t  be q u e s t i o n e d  s i n c e  the  
l a r g e r  th e  number o f  such t e s t s ,  t h e  g r e a t e r  t h e  p r o b a b i l i t y  
o f  t y p e  1 e r r o r  ( r e j e c t i o n  o f  the  t r u e  n u l l  h y p o t h e s i s ) .  M u l ­
t i p l e  compar ison  t e s t s  c o n t r o l  the  o v e r a l l  t y p e  1 e r r o r  b u t  in  
d o in g  so o f t e n  d ec reas e  t h e  power o f  a t e s t .  In a s i m u l a t i o n  
s t u d y  compar ing the  j o i n t  o p e r a t i n g  c h a r a c t e r i s t i c s  o f  methods 
o f  p a i r w i s e  c o m p a r i s o n s ,  Thomas (197^ )  conc lude d  t h a t  t he  
Duncan t e s t  was the  b e s t  method f i n d i n g  t h a t  " I t  has a c c e p t a b l y  
low t y p e  1 e r r o r  r a t e s  and u n i f o r m a l l y  h i g h e r  power than  any 
o f  t h e  o t h e r  m e th ods"  (p .  2 8 3 ) .  For  t h i s  re a s o n ,  the  Duncan 
t e s t  has been employed e x t e n s i v e l y  t h r o u g h o u t  t h i s  t h e s i s .  S ince  
the  sample s i z e s  were  u n e q u a l ,  t h e  Kramer (1956)  e x t e n s i o n  f o r  
unequal  n has been r e p o r t e d .
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The da ta  f o r  i n d i v i d u a l  t r a n s f o r m a t i o n s  were n o t  amenable 
t o  a n a l y s i s  w i t h  p a r a m e t r i c ,  o r  even the  more p o w e r f u l  o f  the  
n o n - p a r a m e t r i c  t e s t s .  Low and o f t e n  z e ro  e r r o r  r a t e s  f o r  i n d i v i d u a l  
s u b j e c t s ,  as w e l l  as t i e d  s c o r e s ,  p r e c l u d e d  such a n a l y s e s .  The 
pe r fo rm a n c e s  o f  th e  two b ra in -dam ag ed  g roups  were t h e r e f o r e  compared 
by a Median t e s t .  For  each t r a n s f o r m a t i o n ,  t he  r e s u l t s  f o r  the  GCD 
and GCD groups  were p o o l e d ,  t h e  j o i n t  median was d e te r m in e d  and the  
s u b j e c t s  were a s s ig n e d  t o  t he  w o r s e - t h a n - m e d i a n  o r  t he  m e d i a n - o r - b e t t e r  
c a t e g o r y .  F i s h e r  t e s t s  showed s i g n i f i c a n t  d i f f e r e n c e s  between the  
g roups  o n l y  f o r  t h e  g l o b a l - s i z e  (p < . 0 1 ,  1 t a i l e d ) ,  g l o b a l - 1 5 ° ~  
o r i e n t a t i o n  (p < . 025 , 1 t a i l e d )  and c o m p o n e n t - 15 ° ~ o r i e n t a t i o n s  
(p < . 0 1 ,  1 t a i l e d )  c o n d i t i o n s .  However ,  f a i l u r e  t o  f i n d  o t h e r  
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  was p r o b a b l y  due t o  t he  l a c k  
o f  power  in  the t e s t s  f o l l o w i n g  p a r t i t i o n i n g  o f  the  e r r o r  ac ro s s  
i n d i v i d u a l  t r a n s f o r m a t i o n s .  When th e  da ta  were c o l l a p s e d  o v e r  i n ­
d i v i d u a l  t r a n s f o r m a t i o n s  w i t h i n  a t r a n s f o r m a t i o n  t y p e  the  s i z e  
(p < . 0 5 ,  1 t a i l e d ) ,  o r i e n t a t i o n  (p < . 0 5 ,  1 t a i l e d )  and s t r u c t u r a l  
(p < . 0 1 ,  1 t a i l e d )  c o n d i t i o n s  a l l  showed s i g n i f i c a n t l y  more e r r o r s  
f o r  t he  GCD group  than  t h e  GCD g r o u p .
5 - 3 - 2  Response l a t e n c y
F i g u r e  5~ 1 1 shows the  mean response  l a t e n c y  f o r  c o r r e c t  responses  
ave raged  a c ro s s  t r a n s f o r m a t i o n  t y p e s .  A one-way a n a l y s i s  o f  v a r i a n c e  
o f  th e  l o g a r i t h m i c a l l y  t r a n s f o r m e d  l a t e n c y  sc o res  d e m o n s t ra te d  a 
s i g n i f i c a n t  d i f f e r e n c e  in  response l a t e n c y  a c r o s s  Groups ( F  (2 ,  38) = 
6 . 7 3 8 ,  p < . 0 0 5 ) .
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Figure 5“11 - Mean response latency for each group 
on the Complex Discrimination task.
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Duncan m u l t i p l e - r a n g e  c om par isons  i n d i c a t e d  t h a t  t he  GCD 
group  t o o k  s i g n i f i c a n t l y  l o n g e r  t o  respond than  the C o n t r o l  group 
( q ^  = 1 . 1 2 ,  p < .01 )  o r  t he  GCD g roup  { q  = 0 . 7 ^ 1 ,  p < . 0 5 ) .
There  was no s i g n i f i c a n t  d i f f e r e n c e  in  response l a t e n c y  between the  
C o n t r o l  and GCD groups { q  = 0 . 3 6 ,  p > . 0 5 ) .
F i g u r e  5- 12 i l l u s t r a t e s  mean response l a t e n c y  f o r  i n d i v i d u a l  
t r a n s f o r m a t i o n  t y p e s .  The GCD response l a t e n c y  appea rs  c o n s i s t e n t l y  
l o n g e r  than  the  response l a t e n c y  f o r  th e  C o n t r o l  and GCD g ro u p .  Separa te  
one-way a n a l y s i s  o f  v a r i a n c e  ( o r  l o g a r i t h m i c a l l y  t r a n s f o r m e d  response 
l a t e n c i e s )  f o r  each t r a n s f o r m a t i o n  t y p e  showed s i g n i f i c a n t  Group 
e f f e c t s  f o r  a l l  b u t  two ( c o m p o n e n t - s i z e ,  c o m p o n e n t - 1 r a n s 1 a t  i o n )  o f  t he  
t r a n s f o r m a t i o n  t y p e s .
The r e s u l t s  o f  Duncan p a i r w i s e  c om par isons  f o r  each t r a n s f o r m a t i o n  
t y p e  a r e  summar ized in  T a b le  5 ~ 1 . I t  can be seen t h a t  response 
l a t e n c y  was s i g n i f i c a n t l y  l o n g e r  f o r  t he  GCD than  t h e  C o n t r o l  group 
i n  a l l  b u t  the  p r e v i o u s l y  m en t ioned  two t r a n s f o r m a t i o n  t y p e s .  Of 
t h o s e  t h a t  were s i g n i f i c a n t ,  a l l  b u t  two were a t  t h e  .01 l e v e l  o f  
s i g n i f i c a n c e .  The p a t t e r n  f o r  GCD and GCD is  s i m i l a r  b u t  n o t  as 
s t r o n g ,  f o u r  more o f  t he  com pa r isons  f a i l i n g  t o  a t t a i n  s i g n i f i c a n c e  
and a f i f t h  o n l y  m a r g i n a l l y  s i g n i f i c a n t .  The r e m a in in g  a r e  s i g n i f ­
i c a n t  a t  t h e  .01 l e v e l  o f  s i g n i f i c a n c e .  None o f  th e  compar isons  
between th e  C o n t r o l  and GCD groups  a r e  s i g n i f i c a n t .
The use o f  p a r a m e t r i c  s t a t i s t i c s  he re  m ig h t  be q u e s t i o n e d  s i n c e  
even a f t e r  l o g a r i t h m i c  t r a n s f o r m a t i o n ,  some o f  th e  c om par isons  were 
con d u c te d  between g roups  showing h e t e r o g e n e i t y  o f  v a r i a n c e .  However,  
p a r a m e t r i c  t e s t s  a r e  known t o  be r o b u s t  and,  in d e e d ,  when K ru s k a 11-Wa11is  
a n a l y s e s  were c onduc te d  as a c h e c k \  th e  r e s u l t s  were a lm o s t  i d e n t i c a l
1
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TABLE 5-1
Duncan p a i r w i s e  com pa r isons  between mean response
l a t e n c i e s  o f  the  C o n t r o l ,  GCD and GCD groups  f o r  
each t r a n s f o r m a t i o n  t y p e
C o n t r o l  v s .  GCD C o n t r o l  vs .  GCD GCD v s .  GCD
T r a n s f o r m a t i o n 0
^r s i g n i f . s i g n i f . Qr
s i g n i f
SIZE
Component - NS 1.72 NS - NS
Globa 1 1.79 NS 5 .5 0 3.61 c
ORIENTATION
Component 15° 1.06 NS 3 .56 * 2 .44 NS
h v / o 1.30 NS 5 .09 * * 3.70 > w 'c
Globa l  15° 1.71 NS 4 .66 * * 2.86 *
90° 1 .82 NS 5 .08 >'c 3.22 ; ' c *
180° 1.40 NS 5 .40 * * 3.89 * *
R e f l e c t i o n 2 .6 7 NS 4 .1 8 * * 1.44 NS
TRANSLATION
Component - NS 2.51 NS - NS
Globa l - NS 4 .62 * * 2 .6 4 NS
STRUCTURAL
Component 0 .6 9 NS 3.93 * 3 .17 / w C
Globa l 1.35 NS 6 . 3 3 * * 4 .8 6 * *
Open 1.17 NS 6 .14 * * 4 .8 6 5V*
DISTINGUISHING-FEATURE
One 1.88 NS 4 .5 3 * * 2 .5 6 NS
Two 1.61 NS 5.61 * * 3.90 * *
One + open 0 .8 0 NS 5 .07 * * 4 .18 * *
Two + open 2 .3 3 NS 5 .59 * * 3.15 Vc /  f
0Dashes appear  where c a l c u l a t i o n  o f  q s t a t i s t i c  was u nnece ssa ry .  
(The Duncan t e c h n i q u e  r e q u i r e s  t h a t  com pa r isons  w i t h i n  t he  range 
o f  means found t o  be n o n - s i g n i f i c a n t  s hou ld  be d e s ig n a t e d  
n o n - s i g n i f i c a n t . )
JU
' p < .05
P < 
NS p >
.01
.05
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t o  th o s e  produced by a n a l y s e s  o f  v a r i a n c e .  Each a n a l y s i s  y i e l d e d  
two n o n - s i g n i f i c a n t  e f f e c t s .  In t he  case o f  th e  K r u s k a 11-Wa11is  
t e s t s ,  th ese  two were f o r  t he  c o m p o n e n t - s i z e  and component 15° 
o r i e n t a t i o n  (p = .059)  c o n d i t i o n s .
5 .4  DISCUSSION
The o v e r a l l  e r r o r  and response t im e  da ta  p r o v i d e  s t r o n g  e v id e n c e  
t h a t  t h e r e  i s  a r e l a t i o n s h i p  between c o p y in g  d i s o r d e r  and p e r c e p t u a l  
d i s a b i l i t y .  T h i s  f i n d i n g  i s  c o n s i s t e n t  w i t h  r e s u l t s  r e p o r t e d  by Dee 
( 1 9 7 0 ) ,  Arena and G a i n o t t i  (1978)  and B e l l e z a ,  R a p p a p o r t ,  Hopk ins  and 
H a l l  ( 1 9 7 9 ) ,  d e s p i t e  th e  f a c t  t h a t  a d i f f e r e n t  t e s t  o f  p e r c e p t u a l  
d i s c r i m i n a t i o n  was used in  th e  p r e s e n t  s t u d y .  To some e x t e n t  th e  
p r e s e n t  r e s u l t s  a l s o  add t o  p r e v i o u s  f i n d i n g s .  They show t h a t  th e  
p e r c e p t u a l  d i f f i c u l t y  i s  n o t  c o n f i n e d  t o  t a s k s  i n v o l v i n g  more than 
one f i g u r e ,  no r  t o  d i s c r i m i n a t i o n  t a s k s  e m p lo y in g  more than  two com­
p a r i s o n  s t i m u l i  o r g a n i z e d  l a t e r a l l y  in  t he  v i s u a l  f i e l d .  However ,  
t he  most i n t e r e s t i n g  f i n d i n g s  conce rn  the  d i s t r i b u t i o n  o f  e r r o r  
a c r o s s  d i f f e r e n t  t r a n s f o r m a t i o n  t y p e s .  In f a c t ,  i t  was n o t  a lways 
p o s s i b l e  t o  c o n f i r m  the  f i n d i n g s  s t a t i s t i c a l l y .  There  i s  a g r e a t  
deal  o f  v a r i a b i l i t y  w i t h i n  t h e  da ta  and f i r m  c o n c l u s i o n s  must a w a i t  
f u r t h e r  i n v e s t i g a t i o n  em p lo y in g  l a r g e r  samples and more i tems per  
t r a n s f o r m a t i o n  t y p e .  N e v e r t h e l e s s ,  i t  wou ld  seem u s e f u l  t o  c o n s i d e r  
t he  t r e n d s  in  the  p r e s e n t  r e s u l t s .
Of p a r t i c u l a r  i n t e r e s t  was th e  f a c t  t h a t  t h e  GCD group  d i s c r i m i n a ­
t i o n  d e f i c i t  appeared  t o  be d i s t r i b u t e d  a c r o s s  most t r a n s f o r m a t i o n  t ypes
i n c l u d i n g  component and g l o b a l  c o n d i t i o n s .  On th e  o t h e r  hand, i t  was 
a l s o  c l e a r  t h a t  t h e  GCD s u b j e c t s  c o u ld  p e r f o r m  some d i s c r i m i n a t i o n
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tasks without fault. These were the tasks which required dis­
crimination between figures differing in their distinguishing 
features. This finding suggests that there is a level of pattern 
processing at which the GCD subject can function adequately. The 
absence of errors on the distinguishing feature task is also an 
important finding in that it provides evidence that errors were not 
a direct consequence of the task itself. In order to perform one 
aspect of the task perfectly, the subject must have understood the 
requirement of the tests, must have been able to respond either 
verbally or manually as he intended and was required and must have 
been able to attend to both Comparison stimuli and Standard.
There was also little difference between the groups in perfor­
mance on the major rotation and global-structural conditions, and 
it seemed that most patients were able to perform such discriminations 
relatively successfully. The capacity to discriminate between major 
rotations is consistent with the copying performances where only one 
example of a major rotation (in this case, 180°) was found.
The fact that the GCD group perceptual deficit was not confined 
to component conditions (75% of all the global errors were contribu­
ted by the GCD group) raises some interesting questions. There are 
at least two plausible reasons why the GCD group may experience 
difficulty in discriminating between globally different figures.
(1) The group simply may not be capable of processing the 
relevant attribute even when presented within a single 
element. For instance, consider the case of the global 
size transformation condition. Nine of the 14 GCD 
subjects made at least one discrimination error here but 
no errors were made by the Control group. It is possible
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t h a t  t he  GCD s u b j e c t s  w ou ld  s t i l l  have found  i t  
d i f f i c u l t  t o  d e t e c t  t h i s  s i z e  t r a n s f o r m a t i o n  i f  
t h e y  had been p r e s e n t e d  w i t h  o n l y  a s i n g l e  l i n e .
(2) The g roup  may have an a t t e n t i o n  d i f f i c u l t y .
A person  who i s  c a p a b le  o f  d i s t i n g u i s h i n g  between 
a t t r i b u t e s  o f  two f i g u r e s  may no t  a lw ays  a t t e n d  
t o  the  c o r r e c t  a s p e c t  o r  l e v e l  o f  th e  d e s ig n s  in  
o r d e r  t o  do so.  For i n s t a n c e ,  i f , i n  t h e  g l o b a l - s i z e  
c o n d i t i o n ,  t h e  p a t i e n t  a t t e n d e d  t o  t h e  s t r u c t u r e  o f  
the  f i g u r e s  b u t  i g n o r e d  t h e i r  s i z e ,  he wou ld  j u d g e  
two d i f f e r e n t - s i z e d  f i g u r e s  t o  be the  same. How­
e v e r ,  i f  q u e s t i o n e d  s p e c i f i c a l l y  abou t  t he  s i z e ,  he 
may be a b l e  t o  i n d i c a t e  w h ic h  i s  b i g g e r .  In t h i s  
r e s p e c t ,  i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t ,  a l t h o u g h  
the  CCD g roup  was i n f e r i o r  t o  t h e  o t h e r  g roups  f o r  
most o f  t he  p e r c e p t u a l  d i s c r i m i n a t i o n  c o n d i t i o n s ,  
many o f  t h e  e r r o r  r a t e s  were  s t i l l  w e l l  be low t h e  
chance l e v e l  o f  50%.  For  exam p le ,  a l t h o u g h  n in e  
o f  th e  lA GCD p a t i e n t s  made a t  l e a s t  one g l o b a l - s i z e  
e r r o r ,  o n l y  one p a t i e n t  made more than  two e r r o r s  
o f  a p o s s i b l e  e i g h t .  T h i s  w ou ld  be c o n s i s t e n t  w i t h  
t h e  e x i s t e n c e  o f  a d e f e c t  o f  a t t e n t i o n ,  a l t h o u g h  t h e r e  
a r e  o t h e r  p o s s i b l e  e x p l a n a t i o n s  o f  th e  f i n d i n g  i n ­
c l u d i n g  th e  p o s s i b i l i t y  t h a t  t h e r e  i s  a n o n - a t t e n t i o n a l  
based d i s a b i l i t y  w h ic h  f l u c t u a t e s  w i t h  t i m e .
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The q u e s t i o n  o f  the  r o l e  o f  a t t r i b u t e  p e r c e p t i o n  and a t t e n t i o n  
d i f f i c u l t i e s  in g r a p h i c a l  c o p y in g  d i s a b i l i t y  w i l l  be addressed  in 
some o f  the  f o l l o w i n g  c h a p t e r s .
A c o n s i d e r a t i o n  o f  the  response  l a t e n c i e s  f o r  each o f  the  
g roups  i n d i c a t e d  c o n s i s t e n t l y  l o n g e r  l a t e n c i e s  f o r  t he  c o p y in g  d i s ­
a b le d  g r o u p ^ .  T h i s  sugges ts  t h a t  t h e  h i g h e r  e r r o r  r a t e s  o f  t h i s  
group  do no t  a r i s e  f r om  i m p u l s i v e  r e s p o n d i n g .  A t  t he  same t ime 
the  l a c k  o f  d i f f e r e n c e  in l a t e n c y  f o r  C o n t r o l  and GCD g roups  p r o v i d e s  
e v id e n c e  t h a t  s u b j e c t s  in th e  l a t t e r  g roup  do n e t  s u f f e r  f rom a 
p e r c e p t u a l  d i f f i c u l t y  w h ich  i s  compensated f o r  by c i r c u i t o u s  s t r a t ­
e g i e s .
The s i g n i f i c a n c e  o f  l o n g e r  response  l a t e n c i e s  in  t h e  GCD group  
i s  u n c l e a r .  The l o n g e r  response l a t e n c y  may r e f l e c t  d i f f i c u l t y  in 
d e t e c t i n g  t r a n s f o r m a t i o n s .  I f  a l l  t he  s t i m u l i  appear  i d e n t i c a l  t o  
t h e  s u b j e c t  he s h o u ld  ta k e  l o n g e r  i f  he c o n s c i e n t i o u s l y  a t t e m p t s  t o  
l o c a t e  a d i f f e r e n c e .  A l t e r n a t i v e l y ,  each i n d i v i d u a l  a c t  o f  p e r c e p t u a l  
c om par ison  m ig h t  be more d i f f i c u l t  and hence ta k e  more t i m e .  A n o t h e r  
p o s s i b i l i t y  i s  t h a t  th e  s u b j e c t  i s  f o r c e d  t o  employ i n e f f i c i e n t  
s t r a t e g i e s  in  an a t t e m p t  t o  s o l v e  th e  t a s k .
A somewhat l e s s  i n t e r e s t i n g  e x p l a n a t i o n  w ou ld  be t h a t  the  d i f f e r ­
ence in  response l a t e n c i e s  r e f l e c t s  a d i f f e r e n c e  in t he  t im e  taken  t o  
o r i e n t  to w a rds  th e  s t i m u l u s  ( " m o b i l i z a t i o n  t i m e " )  o r  in  t h e  t im e  taken
W h i l e  d i f f e r e n c e s  in  response l a t e n c y  between t h e  GCD and GCD groups  
was n o t  s t a t i s t i c a l l y  v e r i f i a b l e  in  a l l  c o n d i t i o n s ,  i t  was c e r t a i n l y  
t h e  case t h a t  no GCD c o n d i t i o n  was s t a t i s t i c a l l y  d i f f e r e n t  f rom the  
C o n t r o l  w h i l e  f o r  a l l  b u t  two o f  t he  1 7  c o n d i t i o n s  t h e r e  was a 
s t a t i s t i c a l  d i f f e r e n c e  between the  C o n t r o l  and GCD g ro u p s .
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t o  make a manual response .  Of c o u rs e  th e  f a c t  t h a t  t h e  average  
d i s c r e p a n c y  between GCD and GCD l a t e n c i e s  f o r  t he  d i s t i n g u i s h i n g -  
f e a t u r e  c o n d i t i o n  was 0 . 7  seconds ,  w h i l e  t he  d i f f e r e n c e s  obse rved  
in t he  o t h e r  c o n d i t i o n s  were a t  l e a s t  t w i c e  t h i s  f i g u r e ,  s ugges ts  
t h a t  t h e  l e n g the ned  l a t e n c y  f o r  t he  GCD group  i s  n o t  t h e  r e s u l t  o f  
i n i t i a l  m o b i l i z a t i o n  t im e  o r  manual response  t im e  a l o n e .  On th e  
o t h e r  hand,  t he  d i s t i n g u i s h i n g - f e a t u r e  c o n d i t i o n  may have r e q u i r e d  
f e w e r  " p a s s e s "  backwards and f o r w a r d s  between S ta n d a rd  and Compar ison 
s t i m u l i .  I f  th e  t im e  taken  t o  imp lemen t  one o f  th e s e  passes were 
r e t a r d e d ,  t he  response  l a t e n c y  o f  t h e  GCD g roup  wou ld  be r e t a r d e d  on 
a l l  c o n d i t i o n s ,  b u t  t o  a g r e a t e r  e x t e n t  f o r  th o s e  c o n d i t i o n s  w h ic h  
r e q u i r e d  more passes .  A f i n a l  a l t e r n a t i v e  i s  t h a t  t he  GCD s u b j e c t s  
s u f f e r e d  f rom a g e n e r a l i z e d  r e t a r d a t i o n  in  i n f o r m a t i o n  p r o c e s s i n g .
I t  i s  n o t  p o s s i b l e  t o  d i s t i n g u i s h  between t h e s e  a l t e r n a t i v e s  h e r e .
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CHAPTER 6
GRAPHICAL COPYING D IS A B IL IT Y  AND THE PERCEPTUAL 
DISCRIMINATION AND PRODUCTION OF ELEMENTARY 
ATTRIBUTES
In th e  p r e v i o u s  c h a p t e r  i t  was shown t h a t  g r a p h i c a l  c o p y in g  
p rob lem s  were a s s o c i a t e d  w i t h  d i f f i c u l t y  in  making complex p e r c e p t u a l  
d i s c r i m i n a t i o n s .  T h i s  d i s c r i m i n a t i o n  d i f f i c u l t y  was p r e s e n t  even when 
the  e n t i r e  f i g u r e  was t r a n s f o r m e d .  I t  was sugges te d  t h i s  m ig h t  i n d i c a t e  
an a t t e n t i o n a l  p rob lem  o r  t h a t  i t  m ig h t  be e x p l a i n e d  by a d i f f i c u l t y  in  
d i s c r i m i n a t i n g  between s i n g l e  e le m e n t s .  The s u b j e c t  who c anno t  p e r c e i v e  
o r  r e p ro d u c e  a t t r i b u t e s  such as s i z e ,  o r i e n t a t i o n ,  t h e  p o s i t i o n  o f  a 
l i n e ,  t h e  magn i tu de  o f  t h e  a n g le  fo rmed by two l i n e s ,  o r  t he  r e l a t i o n ­
s h i p  ( e . g .  l e f t ,  r i g h t ,  above ,  be low)  between two l i n e s ,  wou ld  no t  be 
e x p e c te d  t o  succeed in  c o p y i n g  o r  d i s c r i m i n a t i n g  between more complex 
f i g u r e s .  The e x p e r i m e n t s  t o  be d e s c r i b e d  in  t h i s  c h a p t e r  were addressed  
t o  t h i s  l a s t  p o s s i b i l i t y .  They i n v e s t i g a t e d  w h e th e r  c o p y in g  d i s a b i l i t y  
i s  a s s o c i a t e d  w i t h  d i s o r d e r e d  p r o d u c t i o n  a n d / o r  d i s o r d e r e d  d i s c r i m i n a t i o n  
o f  s i m p l e  components .
6 . 1  BACKGROUND
The a b i l i t y  o f  c o p y i n g - d i s a b l e d  s u b j e c t s  t o  d i s c r i m i n a t e  between 
and p roduce  s im p le  components  has been l a r g e l y  u n e x p l o r e d .  Perhaps th e  
most r e l e v a n t  s tudy  o f  t h i s  t o p i c  has been r e p o r t e d  by W a r r i n g t o n ,  James
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and K in s b o u rn e  ( 1966) .  These a u t h o r s  c l a s s i f i e d  l e s i o n  p a t i e n t s  i n t o  
g roups  w i t h  and w i t h o u t  " d r a w i n g "  d i s a b i l i t y ,  on the  b a s i s  o f  the 
adequacy  o f  the  s u b j e c t ' s  c o p ie s  o f  a cube and s t a r .  However ,  the  sub­
j e c t s  were a l s o  r e q u i r e d  t o  copy o n e - ,  t w o - ,  and t h r e e - l i n e  components 
o f  t he  cube and s t a r .  These c o p i e s  were assessed by the  e x p e r i m e n t e r  
who c l a s s i f i e d  them as e i t h e r  c o r r e c t  o r  i n c o r r e c t .  I t  was found t h a t  
a l l  g roups  pe r fo rm ed w e l l  on th e  component t a s k s ,  t h e r e  be in g  no s t a t i s ­
t i c a l  d i f f e r e n c e  between th e  pe r fo rm a n c e s  o f  t he  d ra w in g  d i s a b l e d  and 
n o n - d i s a b l e d  g ro u p s .
In c o n t r a s t ,  t h e  r e s u l t s  r e p o r t e d  in  C hap te r  k  in  t h i s  t h e s i s ,  
showed a c o n s i s t e n t  t r e n d  to w ards  d e f e c t i v e  pe r fo rm a n c e  f o r  t he  GCD 
g roup  on a l l  c o p y in g  i tems i n c l u d i n g  s im p le  one -  and t w o - l i n e  components 
o f  t h e  more complex i t e m s .  One d i f f e r e n c e  between t h i s  and the  W a r r i n g t o n  
e t  a l . (1966)  s t u d y ,  is  t h a t  th e  l a t t e r  a u t h o r s  employed o n l y  a t w o - p o i n t  
r a t i n g  s c a l e  (pass o r  f a i l ) .  The a u t h o r s  r e p o r t e d  t h a t  th e y  c l a s s i f i e d  
as i n c o r r e c t  a copy c o n t a i n i n g  any d e v i a t i o n  f rom th e  mode l .  However , i t  
was found in  t he  p r e s e n t  s t u d y  (C h a p te r  k ) , t h a t  v e r y  few s u b j e c t s ,  
i n c l u d i n g  C o n t r o l s ,  produced p e r f e c t  c o p i e s  o f  component i t e m s .  Indeed ,  
o f  a l l  t h e  s i n g l e  l i n e  c o p i e s ,  o n l y  6% r e c e i v e d  a r a t i n g  o f  "mos t  s a t i s ­
f a c t o r y "  f r om  a l l  t h r e e  j u d g e s .
One method o f  c i r c u m v e n t i n g  th e  p rob lems a s s o c i a t e d  w i t h  s u b j e c ­
t i v e  assessment  c r i t e r i a  i s  t o  employ o b j e c t i v e  measurements.  W h i le  
t h i s  app roach  was r e j e c t e d  in  C h a p te r  4 f o r  complex f i g u r e s ,  o b j e c t i v e  
measurement  i s  q u i t e  p r a c t i c a b l e  in  th e  case o f  s im p l e  one -  and t w o - l i n e  
f i g u r e s .  Such f i g u r e s  have o n l y  a l i m i t e d  number o f  a t t r i b u t e s  and 
t h e r e  i s  a r e l a t i v e l y  d i r e c t  r e l a t i o n s h i p  between th e  a l t e r a t i o n  o f  a 
s i n g l e  a t t r i b u t e  and the change in  appea ra nce  o f  th e  f i g u r e .
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There  a re  no s y s t e m a t i c  s t u d i e s  o f  t he  a b i l i t y  o f  c o p y in g  d i s a b l e d  
p a t i e n t s  t o  copy s i n g l e  a t t r i b u t e s  o f  l i n e s .  N e v e r t h e l e s s ,  two s t u d i e s  
a r e  o f  p a r t i c u l a r  r e l e v a n c e  t o  t h e  i s s u e .  The f i r s t  was r e p o r t e d  by 
W a r r i n g t o n  e t  a l  . (1966) who made o b j e c t i v e  measurements o f  th e  a b i l i t y  
o f  s u b j e c t s  w i t h  and w i t h o u t  c o p y in g  d i s a b i l i t y  t o  rep ro d u c e  th e  p o s i ­
t i o n s  o f  d o t s .  Two f i g u r e s  were used,  each c o n s i s t i n g  o f  a p a i r  o f  
d o t s .  When a c c u ra c y  was measured in  te rms o f  the  d i s t a n c e  o f  t he  cop ie d  
d o t s  f r om  t h e i r  c o r r e c t  p o s i t i o n s ,  p a t i e n t s  w i t h  c o p y in g  d i s a b i l i t y  
p e r fo rm e d  les s  a c c u r a t e l y  than p a t i e n t s  w i t h o u t  d i s a b i l i t y .  I t  i s  
s u r p r i s i n g  t h a t  the  a u t h o r s  d i s m i s s  t h i s  f i n d i n g  in  t h e i r  d i s c u s s i o n .  
They r e p o r t  t h a t  t he  d i f f e r e n c e  between th e  c o p y in g  d e f i c i t  and 
n o n - c o p y i n g - d e f i c i t  g roups  was p r e s e n t  f o r  bo th  t h e  l e f t  and r i g h t  
hem isphe re  l e s i o n s  and comment o n l y  t h a t  "The d o t  p l a c i n g  t e s t  r e v e a le d  
no d i f f e r e n c e  between g r o u p s .  I f  s p a t i a l  d i s o r i e n t a t i o n  c h a r a c t e r i z e d  
the  r i g h t - s i d e d  g r o u p ,  i t  was n o t  r e v e a le d  by t h i s  t e s t "  (p .  7 9 ) .  In 
t h e i r  p r e o c c u p a t i o n  w i t h  p o s s i b l e  i n t e r - h e m i s p h e r i c  d i f f e r e n c e  in the  
n a t u r e  o f  c o n s t r u c t i o n a l  d i f f i c u l t i e s ,  t he  a u t h o r s  appea r  t o  i g n o r e  
the  f a c t  t h a t  t h e i r  r e s u l t s  show a d i f f e r e n c e  between c o p y in g  and 
n o n - c o p y i n g - d i s a b l e d  g roups  on a r e l a t i v e l y  s i m p l e  p r o d u c t i o n  t a s k .
A n o t h e r  s tu d y  w h ic h  assessed  p o s i t i o n i n g  a b i l i t y ,  b u t  employed 
a somewhat more complex s e t  o f  m ode ls ,  was r e p o r t e d  by De Renzi  and 
F a g l i o n i  ( 1 9 6 7 ) .  S u b j e c t s  w i t h  and w i t h o u t  " c o n s t r u c t i o n a l  a p r a x i a "  
(assessed  u s in g  a c o p y in g  t e s t ) ,  were  r e q u i r e d  t o  copy the  p o s i t i o n  
o f  s e v e r a l  c ros s es  p r e s e n t e d  s i m u l t a n e o u s l y  on a s i n g l e  c a r d .  There 
were  t h r e e  mode ls ,  two o f  w h ic h  c o n t a i n e d  5 c r o s s e s  and the  o t h e r  s i x .
De Renzi  and F a g l i o n i  (19&7) found  the  pe r fo rm a n c e  o f  t h e  a p r a x i c  group  
t o  be i n f e r i o r  t o  th e  p e r fo rm a n c e  o f  the  n o n - a p r a x i c  g roup  f o r  a l l  bu t  
t he  l e f t  hem isphere p a t i e n t s  w i t h o u t  v i s u a l - f i e l d  d e f e c t s .
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Of c o u r s e ,  i t  i s  no t  known w h e th e r  t he  d i f f e r e n c e  between 
c o p y i n g -  and n o n - c o p y i n g - d e f i c i t  g roups  seen in  th e  p r o d u c t i o n  o f  two 
o r  more d o ts  o r  c r o s s e s  a l s o  appea rs  in  t he  p o s i t i o n i n g  o f  one d o t .  
P e rhaps ,  l i k e  th e  phenomenon o f  s i m u l t a n e o u s  e x t i n c t i o n ,  i t  i s  o n l y  
w i t h  m u l t i p l e  s t i m u l i  t h a t  t he  d i f f i c u l t y  a r i s e s .  C l e a r l y ,  i t  i s  
n e c e s s a ry  t o  i n v e s t i g a t e  w h e th e r  c o p y in g  d e f i c i t  p a t i e n t s  e x p e r i e n c e  
d i f f i c u l t y  in c o p y in g  s i n g l e  a t t r i b u t e s  i n c l u d i n g  th e  p o s i t i o n  o f  a 
s i n g l e  e le m e n t .
W a r r i n g t o n  e t  a l . (1966)  and De Renzi and F a g l i o n i  (1967)  appear  
t o  have regarded  t h e i r  d o t -  and c r o s s - p o s i t i o n i n g  t a s k s  as measures o f  
v i s u a l - s p a t i a  1 a b i l i t y .  However ,  t he  t e s t s  a re  p r o d u c t i o n  ta s k s  and,  
t h e o r e t i c a l l y ,  f a i l u r e  on them c o u ld  be m ed ia ted  by a d i f f i c u l t y  a t  
th e  l e v e l  o f  e x e c u t i o n .  C e r t a i n l y  t he  p o s s i b l e  c o n t r i b u t i o n  o f  
n o n - p e r c e p t u a 1 f a c t o r s  t o  t h e  d e f e c t  c anno t  be e x c lu d e d  w i t h o u t  f u r t h e r  
i n v e s t i g a t i o n .  I t  wou ld  seem e s s e n t i a l  t h a t  ( i )  p e r c e p t u a l  a b i l i t y  
be assessed i n d e p e n d e n t l y  o f  m o to r  a b i l i t y  and t h a t  ( i i )  com parab le  
m o to r  and p e r c e p t u a l  t e s t s  be f o r m u l a t e d  so t h a t  th e  e x t e n t  t o  w h ic h  
any m o to r  d i s a b i l i t y  i s  accoun te d  f o r  by a p e r c e p t u a l  d i s a b i l i t y  can 
be assessed d i r e c t l y .
The t e s t s  r e p o r t e d  in  t h i s  c h a p t e r  f u l f i l l e d  t h e s e  r e q u i r e m e n t s .  
The f i g u r e s  used in  t h e  t e s t s  c o n t a i n e d  one o r  two components  ( d o t s  
o r  s t r a i g h t  l i n e s ) .  C o r r e s p o n d in g  m o to r  and p e r c e p t u a l  t e s t s  f o r  each 
o f  t he  a t t r i b u t e s  size, orientation, angle, position, and direction, 
were d e v i s e d  and a d m i n i s t e r e d  t o  each o f  th e  s u b j e c t s .  The s e l e c t i o n  
o f  th e s e  a t t r i b u t e s  was based on a c o n s i d e r a t i o n  o f  t he  e le m e n t a r y  
s k i l l s  i n v o l v e d  in  d r a w i n g .  I t  was d e s i r e d  t o  b r o a d l y  sample these  
s k i l l s ,  f i r s t l y  in  o r d e r  t h a t  t h e  t e s t s  sho u ld  be r e p r e s e n t a t i v e  o f  
th e  f u l l  range o f  e l e m e n t a r y  s k i l l s ,  and s e c o n d l y  t o  e s t a b l i s h
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whether elementary deficits, if present, were specific to 
particular attributes.
6.2 METHOD
Tests were devised for five elementary attributes (size, orien­
tation, position, angle and direction). There was a perceptual dis­
crimination form and a motor form for each attribute. The motor 
and perceptual tests for the first four attributes will be described 
in the next two sections. This will be followed by a description of 
the test of direction (Dot-Connection test). This test has been 
described separately since it differed somewhat from the other tests.
6.2.1 Perceptual discrimination tests
For each attribute a small number of Standard stimuli were selec­
ted. Each was paired with a range of Distractor stimuli in two- 
alternative forced-choice presentations. The Distractor set for each 
Standard was generated by transforming the Standard in progressively 
increasing steps along the relevant attribute.
Stimulus layout
The general layout of the stimuli on any presentation was a variant 
of that illustrated below.
Standard card4-
Comparison card
S t a n d a r d  s t i m u l u s
Comparison stimu1i 
(Distractor and 
Standard-equivalent)
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The Standard stimulus was drawn on a sheet of white paper (Stimulus 
sheet) and mounted on a black card (Standard card). The Comparison 
stimuli (a Distractor and Standard-equivalent) were drawn on white 
stimulus sheets of the same size and then mounted on a black card
(Comparison card).
For each Comparison pair, the upper Comparison stimulus was 
labelled "l" and the lower stimulus was labelled "2". The labels were 
located at the bottom centre of the Comparison sheet except for the 
Position test where the labels were placed symmetrically at the left- 
and right-hand edges (so that they would not serve as points of refer­
ence). The allocation of the Distractor stimulus to the upper or 
lower position was determined randomly, with the constraint that no 
more than three successive distractor Comparisons in a set should 
occupy the same position.
The dimensions and layout of the Standard and Comparison sheets 
and cards differed across stimulus types. The layout for each is 
illustrated in Figure 6-1.
Size test
The Size stimuli were black vertical lines. There were three 
Standards measuring 0.4" (1.02 cm), 0.8“ (2.03 cm) and 1.6" (4.06 cm). 
There was a set of 28 distractors for each Standard. Each Distractor 
set was generated by transforming the size of the Standard in equal 
logarithmic steps (log^ = .07). Half of the Distractors in a set were 
longer than the Standard and half were shorter. The most deviant 
stimuli were almost double and just over half of the size of the
Standard.
n
( i ) S i ze ( i i ) Ang1e
( i i i ) P o s i t i o n ( i v ) Or i e n t a t i o n
Fi gure  6-1.  St i mul us  ar r angement  f o r  El ementary 
A t t r i b u t e  Motor t e s t s .
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The d im e n s io n s  o f  the  S t i m u l u s  s h e e t s ,  S tanda rd  ca rd  and 
Compar ison ca rd  were 6 "  x 6 "  (15 -2  x 15-2 cm),  7 "  x 7i "  (17 -8  x 19-1 
cm),  and 7"  x 1V  (17 -8  x  35-6  cm) r e s p e c t i v e l y .  In th e  case o f  t he  
S iz e  s t i m u l i ,  th e  d im e n s io n s  o f  th e  Compar ison and S tanda rd  shee ts  
were chosen so t h a t  even where the  maximum-s ized Compar ison s t i m u l u s  
was em p loyed ,  i t  was more d i f f i c u l t  t o  use a d i s c r i m i n a t i o n  s t r a t e g y  
based on the  d i s t a n c e  o f  the  end o f  t he  l i n e  t o  t he  f rame than  t o  
d i s c r i m i n a t e  th e  l i n e  l e n g t h .  ( A c c o r d in g  t o  F e c h n e r ' s  Law i t  is  
e a s i e r  t o  d i s c r i m i n a t e  changes in  sm a l l  q u a n t i t i e s  o f  an a t t r i b u t e  than 
t o  d i s c r i m i n a t e  th e  same changes in  l a r g e  q u a n t i t i e s  o f  an a t t r i b u t e .
As th e  S ta nda rd  and Compar ison l i n e s  become l a r g e r  t h e y  approach the  
edge o f  t he  f ram e .  Had th e  r a t i o  o f  t he  d i s t a n c e  o f  the  end o f  t h e  
S ta nda rd  f rom  the  f ram e and the  end o f  t h e  Compar ison f rom th e  f rame 
exceeded th e  r a t i o  o f  t h e  S ta nda rd  l i n e  l e n g t h  t o  t h e  Compar ison l i n e  
l e n g t h ,  i t  wou ld  have been e a s i e r  t o  use the  d i s t a n c e  f rom the  f rame 
in  making  a d i s c r i m i n a t i o n . )
V e r t i c a l  s t i m u l i  were employed t o  a v o i d  s i z e  judgm en ts  based on 
the a l i g n m e n t  o f  t h e  ends o f  t h e  S ta nda rd  and Compar ison l i n e s ,  as 
wou ld  be p o s s i b l e  w i t h  h o r i z o n t a l  l i n e s .  In a d d i t i o n ,  t he  use o f  a 
v e r t i c a l  l i n e  sh o u ld  have y i e l d e d  an e s t i m a t e  o f  s i z e - d i s c r i m i n a t i o n  
a b i l i t y  t h a t  was r e l a t i v e l y  f r e e  o f  u n i l a t e r a l  f i e l d  and a t t e n t i o n  
d e f e c t s .
1
Orientation test
A d o p t i n g  the  c o n v e n t i o n  o f  d e f i n i n g  th e  h o r i z o n t a l  as 0° w i t h  
a n g le  s i z e  i n c r e a s i n g  in  a c o u n t e r c l o c k w i s e  d i r e c t i o n ,  th e  O r i e n t a t i o n  
S tanda rd s  were 0 ° ,  3 0 ° ,  6 0 ° ,  120° and 150° s t r a i g h t  l i n e s .  For each 
o f  t h e  s i x  S ta n d a r d s ,  t h e r e  was a s e t  o f  14 D i s t r a c t o r s .  These com pr ised  
seven c l o c k w i s e  and seven a n t i c l o c k w i s e  r o t a t i o n s  o f  th e  S ta n d a rd .  The
I t  s hou ld  be no ted  t h a t  t h e  t e s t  o f  o r i e n t a t i o n  d e s c r i b e d  by Ben to n ,  
Varney and Hamsher (1978) was n o t  a p p r o p r i a t e  f o r  use in t h e  p r e s e n t  
c o n t e x t .  The t e s t  con foun ds  o r i e n t a t i o n  and p o s i t i o n  and i n v o l v e s  
s i m u l t a n e o u s l y  p r e s e n t e d  m u l t i p l e  s ta n d a r d  and com par ison  s t i m u l i .
128
r o t a t i o n s  inc reas ed  in  a g e o m e t r i c a l  p r o g r e s s i o n  f r om  1° t o  6 4 ° .  A l l  
l i n e s  were 2"  (5.1 cm) in  l e n g t h  and were Computer  g e n e r a te d  and 
p roduced  on a T e k t r o n i x  P l o t t e r  Model 4662.
The p r e s e n t a t i o n  o f  the  O r i e n t a t i o n  s t i m u l i  d i f f e r e d  somewhat 
f r o m  th e  p r e s e n t a t i o n  o f  t he  o t h e r  s t i m u l i .  Because o f  t h e  s p e c i a l  
d i f f i c u l t i e s  a s s o c i a t e d  w i t h  e n s u r i n g  p r e c i s e  o r i e n t a t i o n s ,  s e p a r a t e  
S ta n d a rd  and Compar ison c a rd s  were n o t  employed f o r  t h i s  c o n d i t i o n .  
I n s t e a d  a s p e c i a l  " a p p a r a t u s "  was used t o  p r e s e n t  t he  s t i m u l i .  A 
d e s c r i p t i o n  o f  t h i s  a p p a r a t u s  has been i n c l u d e d  in  Append ix  D1. I t  
w i l l  be no te d  a l s o  t h a t  th e  immed ia te  s u r r o u n d  f o r  t h e  O r i e n t a t i o n  
s t i m u l i  was c i r c u l a r .  T h i s  was i n te n d e d  t o  m i n i m i z e  d i s c r i m i n a t i o n  
s t r a t e g i e s  based on d i s t a n c e  ju d g m e n ts .
The c i r c u l a r  s t i m u l u s - s u r r o u n d  was 3 "  (7 -6  cm) in  d ia m e t e r  and 
t h e  o v e r a l l  d im ens ions  o f  t he  background  were 16" x 16" (4 0 . 6  x 4 0 .6  cm).  
Position test
The P o s i t i o n  s t i m u l i  were sm a l l  (1 mm d i a m e t e r )  b l a c k  d o ts  
p r e s e n t e d  s i n g l y  on 6 "  x  4 "  (15 -2  x 10.2 cm) S t i m u l u s  s h e e t s .  There 
were t h r e e  P o s i t i o n  S ta n d a r d s .  In t he  f i r s t  S t a n d a r d ,  t he  d o t  was 
l o c a t e d  in  t h e  c e n t r e  o f  th e  r e c t a n g l e .  In t h e  second S ta n d a r d ,  th e  
d o t  was l o c a t e d  l i "  ( 3 - 8  cm) f r om  the  to p  and 2 "  (5 .1  cm) f r om  the  
l e f t - h a n d  s i d e  o f  t h e  r e c t a n g l e .  The t h i r d  S ta nda rd  was a m i r r o r  
r e f l e c t i o n  o f  th e  second ,  th e  d o t  be in g  l o c a t e d  l i "  ( 3 . 8  cm) f rom the  
top  and 2 "  (5 .1 cm) f r o m  the  r i g h t - h a n d  s i d e  o f  th e  r e c t a n g l e .
T he re  was a s e t  o f  30 D i s t r a c t o r  s t i m u l i  f o r  each o f  t h e  t h r e e  
S t a n d a r d s .  Each P o s i t i o n  d i s t r a c t o r  was produced  by d i s p l a c i n g  the  
d o t  w i t h  r e s p e c t  t o  i t s  S tanda rd  p o s i t i o n  in  each o f  s i x  d i r e c t i o n s  
and f o r  each o f  f i v e  d i s t a n c e s .  The s i x  d i r e c t i o n s  o f  d i s p la c e m e n t  
were l e f t ,  r i g h t ,  up,  down, d i a g o n a l l y  tow ard  the  c o r n e r  n e a r e s t  th e
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S tanda rd  d o t ,  and d i a g o n a l l y  away f rom the  c o r n e r  n e a r e s t  the  S tandard  
d o t .  The s i z e  o f  t he  t r a n s f o r m a t i o n s  ranged in  a g e o m e t r i c  p r o g r e s ­
s i o n  f rom  0.1 t o  1 . 6 "  (0 . 2 5  t o  4.1 cm) w i t h  th e  e x c e p t i o n  o f  the  
" v e r t i c a l - u p "  t r a n s f o r m a t i o n  f o r  t he  second and t h i r d  S ta n d a r d s ,  where 
the  most d e v i a n t  t r a n s f o r m a t i o n  was 1 . 4 "  (3 -6  cm) r a t h e r  than  1 . 6 "
(4.1  cm) s i n c e  the  l a t t e r  wou ld  l i e  o u t s i d e  the  s t i m u l u s  s h e e t .
The d im e n s io n s  o f  t he  S t i m u l u s  s h e e t s ,  S tanda rd  ca rd  and 
Compar ison ca rd s  were r e s p e c t i v e l y  6 "  x 4 "  (15 -2  x 10.2 cm),  9 i "  x 5 "
(24.1 x  12 .7  cm) and 9 i "  x 10" (24.1 x 25 .4  cm).  The Comparison ca rd  
c o n t a i n e d  S t i m u l u s  s h e e ts  e i t h e r  mounted a t  t he  u p p e r - l e f t  and 
l o w e r - r i g h t  o f  t h e  c a rd  o r  in  t he  u p p e r - r i g h t  and l o w e r - l e f t  p o s i t i o n s .  
Thus ,  when the  Compar ison and S tanda rd  c a rd s  were a l i g n e d ,  none o f  
t he  f rames  o f  th e  s h e e ts  c o n t a i n i n g  th e  d o t s  l a y  d i r e c t l y  be low a n o t h e r .  
T h i s  sm a l l  l a t e r a l  d i s p l a c e m e n t  was i n t r o d u c e d  in  an a t t e m p t  t o  o b t a i n  
j udgm en ts  t h a t  were made w i t h  r e f e r e n c e  t o  t he  f ram e r a t h e r  than by 
a l i g n i n g  p o i n t s  on an im a g in a r y  v e r t i c a l  l i n e .  In f a c t ,  t h e  h o r i z o n t a l  
d i s p l a c e m e n t  o f  the  Compar ison s h e e ts  w i t h  r e s p e c t  t o  th e  S ta nda rd  shee t  
was l i "  (3 *2  cm) t o  th e  l e f t  f o r  one o f  t h e  p a i r s ,  and 1£"  ( 3 .2  cm) 
t o  th e  r i g h t  f o r  the  o t h e r .
A ng le  t e s t
The A ng le  s t i m u l i  were  formed by j o i n i n g  two 1" ( 2 . 5  cm) b l a c k  l i n e s .  
The f o u r  S tanda rd s  were 30° and 120° a n g le s  p o i n t i n g  t o  t h e  l e f t  and 
t o  t h e  r i g h t .  The l e f t - f a c i n g  a n g le s  were s y m m e t r i c a l  ab o u t  the  45° 
a x i s  and th e  r i g h t - f a c i n g  a n g le s  were s y m m e t r i c a l  abou t  t h e  135° a x i s .
E leven  d i s t r a c t o r s  f o r  each o f  t he  120° S ta n d a rd s  were produced 
by i n c r e a s i n g  the  s i z e  o f  the  a n g le  w i t h  r e s p e c t  t o  t he  S ta nda rd  in  a 
g e o m e t r i c  p r o g r e s s i o n  f r om  1° t o  32° (5 d i s t r a c t o r s )  and d e c r e a s i n g  
the  a n g le  in  a g e o m e t r i c  p r o g r e s s i o n  f r o m  1° t o  64° (6 d i s t r a c t o r s ) .
130
The e le v e n  d i s t r a c t o r s  f o r  each o f  t he  60° S tanda rd s  ranged in  a 
g e o m e t r i c  p r o g r e s s i o n  f rom 1° t o  64° above (6) and 1° t o  32° be low 
(5) th e  S t a n d a r d .  These ranges were n e c e s s a r i l y  a s y m m e t r i c a l  t o  
s a t i s f y  t he  r e q u i r e m e n t  t h a t  no Compar ison a n g le  sh o u ld  exceed 180° 
and because no a n g le  can be equal  t o  o r  l e s s  than  z e r o .
The two s t i m u l i  in  each Compar ison p a i r  were r o t a t e d  20° towards  
the  v e r t i c a l  w i t h  r e s p e c t  t o  t h e  S ta n d a r d .  ( i . e .  th e  r i g h t - f a c i n g  
Compar ison s t i m u l i  were o r i e n t e d  around  a 65° d i a g o n a l ,  and th e  
l e f t - f a c i n g  s t i m u l i  were o r i e n t e d  around  a 113° d i a g o n a l ) .  T h i s  
r o t a t i o n  was des ig n e d  t o  p r e v e n t  t h e  s u b j e c t  f r om  s i m p l y  com par ing  the  
o r i e n t a t i o n  o f  one arm o f  th e  Compar ison w i t h  t he  o r i e n t a t i o n  o f  one 
arm o f  t h e  S t a n d a r d .
The d im e n s io n s  o f  t he  S t i m u l u s  s h e e t s ,  S ta nda rd  ca rd  and 
Compar ison ca rds  were 6 "  x b "  ( 1 5 . 2  x  10.2 cm),  7 "  x 5 i M ( 1 7 -8  x \ b  cm) 
and 7 "  x 10" (1 7 . 8  x 2 5 . b cm) r e s p e c t i v e l y .
P rocedu re
For  any p r e s e n t a t i o n ,  t h e  S ta nda rd  and Compar ison c a rd s  were p laced  
on t h e  t a b l e  in f r o n t  o f  t h e  s u b j e c t ,  t he  edges o f  t h e  c a rd s  be in g  p a r a l ­
l e l  t o  t h e  edges o f  t h e  t a b l e .  The s u b j e c t  was i n s t r u c t e d  t o  a t t e n d  t o  
a p a r t i c u l a r  a t t r i b u t e  o f  t h e  S ta nda rd  ( e . g .  s i z e ,  o r i e n t a t i o n  ( " s l o p e " ) ,  
a n g l e ,  p o s i t i o n )  and t o  i n d i c a t e  v e r b a l l y  (by number) o r  m a n u a l l y  (by 
p o i n t i n g )  w h ich  o f  t h e  two Compar ison s t i m u l i  was p r e c i s e l y  i d e n t i c a l  
in  t h i s  a t t r i b u t e  t o  the  S ta n d a r d .  C a r e f u l  e x p l a n a t i o n  and d em ons t ra ­
t i o n  o f  t h e  a t t r i b u t e  o f  i n t e r e s t  preceded  the  t a s k .  In t h e  P o s i t i o n  
and A n g le  t e s t s ,  t he  p rob lem  was d e m o n s t ra te d  w i t h  the  a i d  o f  t r a n s ­
p a r e n c i e s  p la c e d  o v e r  t h e  S t a n d a r d .  For  examp le ,  in  t h e  P o s i t i o n  
t e s t s ,  t he  s u b j e c t  was t o l d
" I  want  you t o  d e c i d e  w h ic h  o f  th e s e  two d o ts  ( i n d i c a t e s  
Compar ison s t i m u l i )  i s  in the  same p o s i t i o n  on i t s  page
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as t h i s  t op  d o t  ( i n d i c a t e s  S t a n d a rd )  i s  on i t s  page.
T h i s  i s  n o t  easy because I ' v e  moved th e s e  pages ( i n d i ­
c a te s  Compar ison s h e e ts )  t o  t h e  s i d e  so they  d o n ' t  a l l  
l i n e  up. But  I want  you t o  im ag ine  w h ic h  d o t  wou ld  be 
in  t he  same p o s i t i o n  i f  t he  w ho le  page c o n t a i n i n g  the  
d o t  c o u ld  be p i c k e d  up and p la c e d  on to p  o f  t h i s  top 
p a g e . . . l i k e  t h i s  (E d e m o n s t r a te s  by rem ov ing each 
( d o t  c o n t a i n i n g )  t r a n s p a r e n c y  in  t u r n  f r om  i t s  p o s i t i o n  
and p l a c i n g  i t  o v e r  t h e  S ta n d a rd  d o t .  The t r a n s ­
p a r e n c i e s  a r e  then  r e p l a c e d ) .  Now can you t e l l  me 
wh ich  o f  t h e s e  two d o ts  ( l )  (E i n d i c a t e s  Comparison 
s t i m u l i )  i s  in  th e  same p o s i t i o n  as t h i s  d o t  (2)
(E i n d i c a t e s  S tanda rd  s t i m u l u s ) ?
A s i m i l a r  d e m o n s t r a t i o n  was conduc te d  f o r  t h e  A ng le  c o n d i t i o n ,  
t h e  e x p e r i m e n t e r  s t r e s s i n g  t h a t  s u b j e c t  was t o  i d e n t i f y  w h ic h  s t i m u l u s  
"had th e  same s i z e d  a n g l e "  o r  the  "same shaped p o i n t "  as t he  o r i g i n a l .  
C o n s i d e r a b l e  a t t e n t i o n  was d i r e c t e d  tow a rds  e x p l a i n i n g  by dem ons t ra ­
t i o n  what  was meant by " a n g l e "  and t h e  way in  w h ic h  th e  Comparison 
s t i m u l i  had been r o t a t e d  w i t h  r e s p e c t  t o  t h e  S ta n d a r d .
P r i o r  t o  each p r e s e n t a t i o n ,  th e  Compar ison s t i m u l i  were  concea led  
benea th  a c o v e r  s h e e t .  When th e  c o v e r  shee t  was removed a t i m e r  was 
s t a r t e d  and when th e  s u b j e c t  gave a v e r b a l  o r  manual response th e  t i m e r  
was s to p p e d .  T h i s  p r o c e d u r e  was re p e a te d  f o r  each Compar ison p a i r  f o r  
a S ta n d a r d .  The i n s t r u c t i o n s  were re p e a te d  in  a b b r e v i a t e d  fo rm  f o r  
each p r e s e n t a t i o n  u n t i l  i t  was e v i d e n t  t h a t  th e  s u b j e c t  was su re  o f  
them. T h e r e a f t e r  t h e  i n s t r u c t i o n s  were  rep e a te d  a t  i n t e r v a l s .
The Comparison p a i r s  were p r e s e n t e d  in  o r d e r  o f  l e a s t - d e v i a n t  
d i s t r a c t o r  t o  m o s t - d e v i a n t  d i s t r a c t o r ,  t e s t i n g  b e in g  d i s c o n t i n u e d  a f t e r  
f i v e  ( o r  in  t he  case o f  t h e  P o s i t i o n  t e s t s ,  s i x )  s u c c e s s i v e  c o r r e c t
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re sponses  . S ince  t h e r e  was more than  one o b j e c t i v e l y  i d e n t i c a l  
d i s t r a c t o r  in each c o n d i t i o n ,  a r b i t r a r y  d e c i s i o n s  were made as to  
w h i c h  s hou ld  appear  f i r s t .  For  exam p le ,  a p o s i t i v e  log  s i z e  d e v i a t i o n  
appea red b e f o r e  t h e  e q u i v a l e n t  n e g a t i v e  log  s i z e  d e v i a t i o n .  The 
o r d e r  employed f o r  each t e s t  i s  l i s t e d  in  Append ix  D2.
For  the  pu rpose  o f  S t i m u l u s  p r e s e n t a t i o n ,  each o f  t he  16 s e p a r a t e  
S ta n d a rd s  was t r e a t e d  as a s i n g l e  t e s t ,  t he  o r d e r  o f  p r e s e n t a t i o n  be ing  
randomized  a lo n g  w i t h  t h e  r e m a in in g  t e s t s  r e p o r t e d  in  t h i s  t h e s i s .
6 . 2 . 2  Moto r  t e s t s
Each o f  t he  16 S ta nda rd  s t i m u l i  employed in  t h e  D i s c r i m i n a t i o n  
t e s t s  was p r e s e n t e d  as a model w h ic h  th e  s u b j e c t  was r e q u i r e d  to  copy .
I t  m ig h t  be a rgued  t h a t  t h e  o r d e r  s h o u ld  have been randomized  o r  
r e v e r s e d .  However ,  i t  became e v i d e n t  in  p i l o t  t e s t i n g  t h a t  t h e r e  
was a danger  o f  a l i e n a t i n g  p a t i e n t s  by p r e s e n t i n g  s t i m u l i  t h a t  were 
t o o  easy f o r  them. The o r d e r  employed a v o id e d  t h i s  and a l s o  r e s u l ­
t e d  in  c o n s i d e r a b l e  t i m e - s a v i n g .  In an a t t e m p t  t o  ensu re  t h a t  t h i s  
o r d e r  d i d  no t  d i s t r e s s  p a t i e n t s ,  i t  was emphasized t h a t  t h e  f i r s t  
p r e s e n t a t i o n s  were  d i f f i c u l t  f o r  e v e ry b o d y  and t h a t  t he  t a s k  would 
g r a d u a l l y  become e a s i e r .  The p a t i e n t s  appeared  t o  a c c e p t  t h i s  
and no s ig n s  o f  d i s t r e s s  o r  m o t i v a t  i o n - 1oss were e v i d e n t .
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S t i m u l u s  l a y o u t
The s t i m u l u s  l a y o u t  was a v a r i a n t  o f  th ose  i l l u s t r a t e d  be low.
STANDARD 
'STIMULUS 
(m ode l )
COPYING 
‘ SHEET 
(u ppe r  p o s i t i o n )
COPYING 
SHEET
( l o w e r  p o s i t i o n )
( i ) (Ü)
The model was p r e s e n t e d ,  and t h e  copy was made, on shee ts  o f  w h i t e  
p a p e r .  Each o f  t h e s e  s h e e ts  was mounted on b l a c k  background  c a r d .
The d im ens ions  o f  backg round  ca rds  and S t i m u l u s  s h e e ts  were the  same 
as t h o s e  used in  t he  c o r r e s p o n d i n g  D i s c r i m i n a t i o n  t e s t s .  The Copying 
s h e e t  was l o c a t e d  e i t h e r  in  th e  p o s i t i o n  c o r r e s p o n d i n g  t o  the  upper  
s t i m u l u s  o f  a Compar ison p a i r  f o r  t he  D i s c r i m i n a t i o n  t a s k ,  o r  in  t he  
p o s i t i o n  c o r r e s p o n d i n g  t o  t h e  low e r  s t i m u l u s  o f  th e  Compar ison p a i r .
In t h e  case o f  t he  P o s i t i o n  s t i m u l i ,  t h e  shee t  was l o c a t e d  in  one o f  
the  f o u r  p o s s i b l e  Compar ison p o s i t i o n s  ( v i z .  u p p e r - l e f t ,  u p p e r - r i g h t ,  
l o w e r - l e f t ,  l o w e r - r i g h t ) .  A l l  c o p y in g  s h e e ts  were b l a n k  e x c e p t  the  
A n g le  c o p y in g  shee ts  w h ic h  c o n t a i n e d  one l i n e  o f  th e  a n g le  c o r r e s p o n d i n g  
t o  t h e  l e f t -  o r  r i g h t - h a n d  s i d e  o f  t h e  Compar ison a n g l e .
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P ro c e d u re
The p ro c e d u re  f o r  t he  Moto r  t e s t s  was s i m i l a r  t o  the  p ro c e d u re  
f o r  t h e  P e r c e p tu a l  d i s c r i m i n a t i o n  t e s t s  w i t h  the  e x c e p t i o n  t h a t  the  
s u b j e c t  was asked t o  copy th e  r e l e v a n t  a t t r i b u t e  o f  the  S ta nda rd  
s t i m u l u s .  In e x p l a i n i n g  th e  r e q u i r e m e n t s  o f  t he  t a s k ,  s p e c i a l  emphasis 
was p la c e d  upon th e  f a c t  t h a t  t h e  s u b j e c t  was r e q u i r e d  o n l y  t o  draw 
t h e  l i n e  o r  do t  so as t o  rep ro d u c e  th e  s p e c i f i e d  a t t r i b u t e .  I t  was 
s t r e s s e d  t h a t  o t h e r  a t t r i b u t e s  o f  t he  S ta nda rd  c o u l d  be i g n o r e d .  In 
t he  A ng le  c o n d i t i o n ,  t he  s u b j e c t  was p r o v i d e d  w i t h  one l i n e ,  and asked 
t o  add a n o t h e r  so t h a t  t o g e t h e r  w i t h  th e  s u p p l i e d  l i n e  i t  formed an 
a n g l e  o f  i d e n t i c a l  s i z e  t o  t h e  S ta nda rd  a n g l e .
The Moto r  c o n d i t i o n  was a d m i n i s t e r e d  t w i c e  f o r  each S t a n d a r d ,  
once b e f o r e  the  c o r r e s p o n d i n g  P e r c e p t u a l  c o n d i t i o n  ( T r i a l  1) and once 
f o l l o w i n g  the  P e r c e p t u a l  c o n d i t i o n  ( T r i a l  2 ) .  The Moto r  shee t  o c c u p ie d  
th e  upper  p o s i t ' o n  on t h e  c o p y in g  c a rd  f o r  one o f  t h e s e  t r i a l s  and the  
l o w e r  p o s i t i o n  f o r  t h e  o t h e r .  Taken o v e r  a l l  S t a n d a r d s ,  h a l f  o f  the  
T r i a l  1 c o p ie s  were made in  t he  upper  p o s i t i o n  and h a l f  in  th e  lo w er  
p o s i t i o n .  A s i m i l a r  s p l i t  a p p l i e d ,  where p o s s i b l e ^ ,  w i t h i n  a S tandard  
t y p e  ( e . g .  w i t h i n  the  O r i e n t a t i o n  c o n d i t i o n ,  t h r e e  o f  t he  T r i a l  1 
c o p i e s  f o r  t h e  s i x  S ta n d a rd s  were made in  t h e  upper  r e g i o n  and the  o t h e r  
t h r e e  were  made in  t h e  low e r  r e g i o n ) .
S in c e  t h e r e  were o n l y  t h r e e  S tanda rd s  f o r  each o f  t he  P o s i t i o n  and S ize  
c o n d i t i o n s ,  i t  was n o t  p o s s i b l e  t o  d i s t r i b u t e  t h e  p o s i t i o n s  e v e n l y  w i t h i n  
each o f  th ese  S t a n d a r d s .  I n s t e a d ,  th e y  were d i s t r i b u t e d  e v e n l y  o v e r  the  
combined c o n d i t i o n s  w i t h  t h e  p r o v i s i o n  t h a t  a t  l e a s t  one o f  t he  t h r e e  
S ta n d a rd s  w i t h i n  bo th  t y p e s  s h o u ld  occupy  th e  uppe r  p o s i t i o n  on T r i a l  1.
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For  each o f  t h e  A n g le  S t a n d a r d s ,  the s u b j e c t  c om p le ted  one 
copy w h ic h  r e q u i r e d  th e  i n s e r t i o n  o f  the  l e f t  l im b  o f  th e  a n g le  and 
a n o t h e r  copy w h ic h  r e q u i r e d  th e  i n s e r t i o n  o f  t he  r i g h t  l i m b .  H a l f  
o f  t h e  T r i a l  1 c o p ie s  r e q u i r e d  th e  l e f t  l im b  and h a l f  r e q u i r e d  the  
r i g h t .  For  each o f  t h e  P o s i t i o n  S ta n d a r d s ,  th e  s u b j e c t  com p le te d  one 
copy d i s p l a c e d  t o  the  l e f t  and one d i s p l a c e d  t o  the  r i g h t .  S ince 
t h e r e  was an uneven number o f  P o s i t i o n  S tanda rd s  ( t h r e e ) ,  t he  h o r i z o n t a l  
p o s i t i o n  c o u ld  n o t  be ba lanc e d  e v e n l y  w i t h i n  a t r i a l  a c r o s s  S tandards  
f o r  a s u b j e c t .  However,  th e  p a r t i c u l a r  s e l e c t i o n  p ro c e d u re  employed 
s h o u ld  have ensured  no b i a s  a c r o s s  s u b j e c t s  and even w i t h i n  a s u b j e c t  
i t  i s  u n l i k e l y  t h a t  t h e  outcome wou ld  be a f f e c t e d  s i g n i f i c a n t l y  s i n c e  
ta ken  a c r o s s  bo th  t r i a l s  and a l l  P o s i t i o n  S tanda rd s  c o p ie s  were made 
e q u a l l y  o f t e n  on th e  l e f t  and the  r i g h t - h a n d  s i d e .
The p a r t i c u l a r  o r d e r  o f  p o s i t i o n s  chosen f o r  t he  t r i a l s  f o r  t he  
S tanda rd s  was g e n e r a te d  i n d i v i d u a l l y  f o r  each s u b j e c t .
6 . 2 . 3  D o t - C o n n e c t i o n  t a s k  ( D i r e c t i o n  a t t r i b u t e )
An a d d i t i o n a l  t a s k  w h ic h  was conce rned  w i t h  e le m e n t a r y  a b i l i t i e s  
was employed .  However,  s i n c e  i t  d i f f e r e d  somewhat f r om  the  rem a in in g  
t e s t s  in  t h e  c h a p t e r ,  i t  has been d e s c r i b e d  s e p a r a t e l y  h e re .
A m o to r  and a p e r c e p t u a l  fo rm  o f  th e  t a s k  was used .  The m oto r  
fo rm  o f  t h e  t a s k  r e q u i r e d  th e  s u b j e c t  t o  c o n n e c t  two d o ts  w i t h  a 
s t r a i g h t  l i n e .  The p e r c e p t u a l  fo rm  o f  t h e  t a s k  r e q u i r e d  th e  s u b j e c t  
t o  d i s c r i m i n a t e  w h ic h  o f  two a l t e r n a t i v e  l i n e s  o r i g i n a t i n g  f rom  a d o t ,  
w o u l d ,  i f  e x te n d e d ,  c o n n e c t  w i t h  a second d o t .  U n l i k e  the  p r e v i o u s l y  
d e s c r i b e d  t a s k s ,  no S tanda rd  was emp loyed .
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Three items, each consisting of two dots were employed in the 
Motor task. In each case the dots were 1.4" (3*6 cm) apart. However, 
in the first item, the dots were aligned vertically, while in the 
second and third items, the dots were diagonally aligned at 45° and 
135° respectively.
Each pair of dots was drawn on a 6" x 4" (15-2 x 10.2 cm) white 
Stimulus sheet, the overall arrangement being centred on this sheet.
The sheet was then attached to a black background-card. An example 
of an item from the Motor task is illustrated in Figure 6-2 (i).
The Perceptual stimuli were based on the three items employed in 
the Motor task. A number of stimuli were generated for each of the 
items and for each of the stimuli a 0.3" (0.8 cm) line originated from 
the upper dot of each pair of dots. A circular opaque sheet with the 
lower dot at its centre and of radius 1.1" (2.8 cm) covered the region 
between the end of the short line and the lower dot. As for the Motor 
task, each of the Perceptual stimuli were mounted on 6" x 4" (15*2 
x 10.2 cm) white sheets, the overall arrangement being centred on the 
sheet.
These stimulus sheets were presented to the subject in pairs. In 
one of the stimuli in these pairs the line extending from the upper dot 
was aimed directly at the lower dot. In the second stimulus (Distractor), 
the line was aimed at a point above, below or to the left or right of 
the dot. There were eight stimulus pairs for each different pair of 
dots. These distractors were generated by constructing lines pointing 
in a direction such that when extended their end points would lie between
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0 . 1 "  and 0 . 4 "  in  0 . 1 "  s te p s  t o  each s i d e  o f  ( v e r t i c a l l y  a l i g n e d  d o t s )  o r  
above and below ( d i a g o n a l l y  a l i g n e d  d o t s )  t he  t a r g e t  dot^  .
Each p a i r  o f  s t i m u l u s  s h e e ts  was mounted on a b l a c k  b a c k g r o u n d - c a r d  
o f  t h e  same d im ens ions  and f o l l o w i n g  the  same l a y o u t  as th e  Ang le  
c om pa r i s on  p a i r s .  The upper  o f  t he  p a i r  was l a b e l l e d  " 1 "  and the  
l o w e r  o f  t he  p a i r  was l a b e l l e d  " 2 " .  An example o f  a D o t - C o n n e c t i o n  
P e r c e p t u a l  t a s k  i tem  i s  shown in  F i g u r e  6 -2  ( i i ) .
P ro c e d u re
In the  Moto r  t a s k ,  th e  s u b j e c t  was i n s t r u c t e d  t o  " j o i n  th e  d o ts  
w i t h  a s t r a i g h t  l i n e " .  In t h e  P e r c e p t u a l  t a s k ,  t he  r e q u i r e m e n t s  o f  
t h e  t a s k  were e x p l a i n e d  by c a r e f u l  d e m o n s t r a t i o n .  The s u b j e c t  was 
shown two d o ts  c onnec ted  by a l i n e .  A d i s k  was then  p la c e d  o v e r  the  
end o f  th e  l i n e  and i t  was e x p l a i n e d  t h a t  even a l t h o u g h  th e  d i s k  
ob s c u re d  the  end o f  th e  l i n e ,  i t  was p o s s i b l e ,  by l o o k i n g  a t  t he  d i r e c ­
t i o n  o f  t he  s t a r t  o f  t h e  l i n e ,  t o  t e l l  t h a t  t h e  l i n e  unde rn e a th  must 
c o n n e c t  w i t h  th e  second d o t .  A s i m i l a r  d e m o n s t r a t i o n  was conduc te d  
f o r  a l i n e  w h ic h  p a t e n t l y  d i d  n o t  j o i n  th e  t a r g e t  d o t .  I t  was e x p l a i n e d  
t o  t h e  s u b j e c t  t h a t  he w ou ld  be shown one o f  each t y p e  o f  s t i m u l u s  
and by l o o k i n g  a t  t h e  s e c t i o n  o f  t h e  l i n e  he c o u l d  see,  and im a g in in g  
where  i t  went  u n d e rn e a th  th e  c i r c l e ,  he was t o  d e c id e  w h ic h  o f  th e  
two j o i n e d  th e  second d o t .  The n o t i o n  o f  an a c t u a l  l i n e  under  th e  d i s k  
was i n t r o d u c e d  in  an a t t e m p t  t o  make t h e  t a s k  more c o n c r e t e  and hence 
h o p e f u l l y  more e a s i l y  comprehended.
T h i s  meant t h a t  the  a n g u l a r  d e v i a t i o n s  o f  t h e  D i s t r a c t o r  l i n e s  f rom 
th e  l i n e  j o i n i n g  th e  two d o t s  were as f o l l o w s :
V e r t i c a l  s t i m u l u s  + 4 . 1 ° ,  + 8 . 1 ° ,  + 1 2 . 1 ° ,  + 1 5 .9 °
D iagona l  s t i m u l i  - 9 . 9 ° ,  - 7 . 8 ° ,  - 5 - 3 ° ,  - 2 . 9 ° ,  + 2 . 9 ° ,  + 5 - 9 ° ,  + 9 - 7 ° ,  +1 3 .4 °
The subject was then shown the eight items for each task.
The items were presented in order from the least deviant distractor 
to the most deviant distractor. The position occupied by the Distrac­
tor was randomly determined with the provision that no Distractor 
should appear in the same position on more than three consecutive 
occasions. Testing was discontinued after five consecutive correct 
responses.
The Motor task either preceded or followed the Perceptual task 
for an item, the order being alternated for the three stimuli. The 
three stimuli were presented one after the other in an individually 
randomized order. The Motor sheet was always presented in the lower 
position ^ .
6.3 RESULTS
The results for each of the five tests will be considered 
separately below.
Size
Error scores were calculated separately for the perceptual and 
motor forms of the Size task. The error for the Motor task was obtained 
by calculating
jlog^lCopied length/Standard length)|
The use of both upper and lower positions seemed less vital for this 
task than for a task such as size discrimination and copying where 
considerations of the effects of constancy are more important. It 
will be noted that in this and several other respects the method 
employed differed slightly from that used for the other tasks. It 
would have been better to employ the same method but the task was 
devised after all the other tests had been produced and it seemed 
desirable to minimize its length.
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so t h a t  an e r r o r  o f  1 s i g n i f i e d  t h a t  t h e  copy was e i t h e r  h a l f  o r  
t w i c e  the  s i z e  o f  th e  mode l .  E r r o r s  were c a l c u l a t e d  s e p a r a t e l y  f o r  
each p r o d u c t i o n ,  and then ave raged  a c r o s s  the  two t r i a l s  f o r  each 
S ta n d a rd  and a c ro s s  the  t h r e e  S t a n d a r d s .  The p e r c e p t u a l  e r r o r  was 
j 1og2 ( l e n g t h  o f  most d e v i a n t  i n c o r r e c t l y  chosen D i s t r a c t o r / S t a n d a r d  
l e n g t h ) |
The e r r o r s  were averaged  a c r o s s  th e  t h r e e  S t a n d a r d s .
F i g u r e  6 -3  i l l u s t r a t e s  the  mean p e r c e p t u a l  and m o to r  e r r o r s  f o r  
t h e  C o n t r o l  and each o f  t h e  Bra in -damaged  g r o u p s .  T h i s  d a ta  was 
a n a l y s e d  by a s p l i t - p l o t  r e p e a te d -m e a s u re s  a n a l y s i s  o f  v a r i a n c e  u s in g  
a l e a s t - s q u a r e s  s o l u t i o n  f o r  unequal  sample s i z e  ( K i r k ,  1968, Ch. 8 ) .  
The w i t h i n - g r o u p s  v a r i a b l e  was Task fo rm  ( P e r c e p t u a l  vs M o to r )  and 
th e  b e tw e e n -g ro u p s  v a r i a b l e  was Group ( C o n t r o l  vs GCD vs GCD). There 
was a s i g n i f i c a n t  main e f f e c t  f o r  Groups (F (2 ,  38) = 8 . 2 3 ,  p < .01)  
b u t  no s t a t i s t i c a l  e v id e n c e  o f  an e f f e c t  f o r  Task fo rm  (F (1 ,  38) = 
0 . 7 5 1 ,  p > .05)  o r  o f  an i n t e r a c t i o n  between Groups and Task fo rm  
(F ( 1 ,  38) = 1 .185 ,  p > . 0 5 ) .
A Duncan mu 11 i p 1e - r a n g e  t e s t  showed t h a t  t he  main e f f e c t  was 
a t t r i b u t a b l e  t o  t h e  GCD group w h ic h  made s i g n i f i c a n t l y  more e r r o r s  than 
e i t h e r  t h e  C o n t r o l  group  (q^  = 5 . ^ 9 ,  p < -01) o r  t h e  GCD group  
{q = 4 . 1 3 ,  p < . 0 1 ) .  There  was no d i f f e r e n c e  in  o v e r a l l  mean e r r o r  
between the  C o n t r o l  and GCD group  {q = 1 . 2 6 ,  p > . 0 5 ) .  The f a c t  t h a t  
t h e r e  was no s i g n i f i c a n t  i n t e r a c t i o n  i m p l i e s  t h a t  t h i s  p a t t e r n  was 
p r e s e n t  f o r  bo th  the  P e r c e p t u a l  and M o to r  c o n d i t i o n s  c o n s i d e r e d  s e p a r ­
a t e !  y .
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F i g u r e  6 - 3 .  Mean s i z e  e r r o r  f o r  each Group on the  
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Orientation
The O r i e n t a t i o n  m o t o r  e r r o r  w a s  the a b s o l u t e  a n g u l a r  d i s c r e p a n c y  
(in degrees) b e t ween the copy and the Sta ndar d, a v e r a g e d  a c r o s s  each 
trial and across all six S t a ndar ds. The O r i e n t a t i o n  perceptual e r r o r 
was the a b s o l u t e  a n g u l a r  d i s c r e p a n c y  (in degrees) bet w e e n  the most 
d e v i a n t  i n c o rre ctly cho s e n  d i s t r a c t o r  and the Sta ndar d, a v e r a g e d  acr oss 
the six o r i e n t a t i o n  Sta ndar ds.
Fig ure 6-4 i l l u str ates the m e a n  perceptual and m o t o r  err ors for 
eac h of the groups. A s p l i t - p l o t  r e p e a t e d - m e a s u r e s  a n a l y s i s  of v a r i ­
a n c e  (l e a s t - s q u a r e s  solution) s h o wed a s i g n i f i c a n t  G ro up eff ect 
{F (2, 38) = 11.842, p < .01). How ever , the re w a s  not a s i g n i f i c a n t  
d i f f e r e n c e  bet ween the p e r f o r m a n c e s  on the m o t o r  and perceptual forms 
of the O r i e n t a t i o n  task {F (1, 38) = 0.023, p > ,05) and the int er­
a c t i o n  b e t w e e n  T a s k  form and G r o u p s  was not s i g n i f i c a n t  {F (2, 38)
= 1.561, p  > .05).
A Dun c a n  mu 11 i p i e - r a n g e  test s h o wed that the GCD gro up mad e 
s i g n i f i c a n t l y  m o r e  e r r o r s  than the Control (q = 6.9, p < .01) and the 
GCD gro ups (q = 4.48, p < .01). How e v e r ,  there w a s  no s i g n i f i c a n t  
d i f f e r e n c e  in error for the Control and GCD g r o u p  {q = 2.29, p  > .05).
Position
T h e  Pos i t i o n  m o t o r  e r r o r  w a s  the d i s t a n c e  (in mil l i m e t r e s )  
b e t w e e n  the cop ied p o s i t i o n  and the c o r r e c t  pos itio n. This was a v e r a g e d  
a c r o s s  the two trials for each S t a n d a r d  and a c r o s s  the three Standards. 
The percept ual err or w a s  the d i s t a n c e  (in mm) b e t w e e n  the p o s i t i o n  of 
the mos t dev iant c h o s e n  d i s t r a c t o r  and the cor rect pos itio n, a ve rage d 
acr o s s  the Po s i t i o n  Sta nd a r d s .
F i g u r e  6-5 ill u s t r a t e s  the per cept ual and m o t o r  err ors for each 
group. A s p l i t - p l o t  a n a l y s i s  of v a r i a n c e  ( l e a s t - s q u a r e s  solution)
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Figure  6-5.  Mean p o s i t i o n  e r r o r  fo r  each Group on the  pe rcep tua l  
and motor forms of  t he  P o s i t i o n  t a s k .
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revealed a significant Group effect (F (2, 38) = 10.860, p < .01), but 
no significant difference in the performance on the perceptual and motor 
forms of the task (F (1, 38) = 1.843, p > .05), and no interaction be­
tween Group and Task form (F (2, 38) = 0.271, p > .05).
Duncan multiple-range tests showed that the GCD group made 
significantly more perceptual and motor errors than the Control group 
{qr = 6.31, p < .01) and the GCD group (q^ = 4.29, p < .01) but that 
there was no significant difference in error scores for the Control 
and GCD group {q = 1.91, p > .05).
Angle
The Angle motor error was the absolute discrepancy, in degrees, 
between the size of the Standard angle and the size of the angle 
completed by the subject. This was averaged across the two trials for 
each Standard and across all four Angle conditions. The perceptual 
error was the absolute discrepancy (in degrees) between the most 
deviant incorrectly chosen angle distractor and the Standard, averaged 
across the four Standards.
Figure 6-6 illustrates the mean perceptual and motor errors for 
each group. A split-plot AN0VA (least-squares solution) showed a 
significant Group effect (F (2, 38) = 10.983, p < .01). There was 
also a highly significant difference in errors on the motor and 
perceptual form of the task (F (1, 38) = 30.694, p < .01), the motor 
error being greater than the perceptual error. This difference was 
present across all groups, there being no significant interaction 
between Groups and Task form (F (2, 38) = 0.118, p > .05).
Duncan multiple-range tests showed that the GCD group made 
significantly more perceptual and motor errors than the Control group
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Figure  6-6.  Mean ang l e  e r r o r  for  each Group on t he  pe rcep t ua l  
and motor forms of  t he  Angle t a s k .
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{q = 5.95, p < .01) and the GCD group {q = 3.86, p < .01). There 
was no significant difference between the GCD and Control group 
(qr = 2.29, p > .05).
Direction (Dot-Joining task)
The occurrence of complete failure in the motor task (that is, 
failure of the line to connect the target dot) was rare. Overall, it 
was noted in only 5% of the motor items, being seen in 9.8% of the 
items copied by the GCD group, 5.6% of those copied by the GCD group 
and not at all in the Control group. Therefore performance was 
assessed by the ability to set out in the correct direction when 
initiating the line.
It was possible (on a subjective basis) to divide the production 
into a series of line segments bounded by local maxima of curvature.
A straight line was fitted by eye to the initial segment of the line^. 
The motor error was taken as the angle (in degrees) between this line 
and the direction of the target dot. The subjective basis of this 
scoring system might be criticized. However, it will be seen that 
the scores (which were obtained without reference to Group membership) 
discriminated between the experimental groups. The method by which 
a motor item was scored is illustrated below.
ideal _ 
connect ing 
1 i ne
actua1 
connecting 
1 i ne
error
\^_extension of initial 
\ segment of line
Since the target dot was not fixed, but was chosen by the subject and 
since by an experimenter oversight the target dot was not always 
recorded, the calculations were made twice for each pair of dots, 
assuming each in turn was the target dot and then calculating the 
average discrepancy.
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The motor e r r o r s  were averaged a c r os s  the  t h r e e  Standards  for  
each s u b j e c t .  The pe r ce p t ua l  e r r o r  was the d i r e c t i o n  d i s c r epa ncy  ( in 
degrees )  fo r  the  most d e v i an t  i n c o r r e c t l y  chosen D i s t r a c t o r  for  each 
S t anda rd ,  averaged a c r os s  the t h r e e  S t anda rds .
Figure  6-7 i l l u s t r a t e s  the  e r r o r s  f o r  the  t h r e e  Groups and two 
Task forms^.  A s p l i t - p l o t  a n a l y s i s  of  v a r i a n c e  ( l e a s t - s q u a r e s  s o l u ­
t i on )  of  the  e r r o r s  showed a s i g n i f i c a n t  Group e f f e c t  (F (2,  34) =
13. 60 ,  p < .01) and a s i g n i f i c a n t  Task form e f f e c t  (F (1,  34) = 3 8 .60,  
p < .01) hut  no s i g n i f i c a n t  i n t e r a c t i o n  (F (2,  34) = 2 . 59 ,  p > . 05) .
A Duncan m u l t i p l e - r a n g e  t e s t  showed t h a t  the  GCD group made s i g n i f i c ­
a n t l y  more e r r o r s  (motor and p e r c e p t u a l )  than the  Control  group 
( q ^  = 6 . 02 ,  p < .01) and the GCD group ( q  = 6 . 23 ,  p < . 0 1 ) .  There 
was no s i g n i f i c a n t  d i f f e r e n c e  in e r r o r s  f o r  the  Control  and GCD groups 
(qr  = 0 . 62 ,  p > . 05 ) .
Summary of  r e s u l t s
In summary, in a l l  c o n d i t i o n s ,  and fo r  both the  pe r ce p t ua l  and 
motor forms of  each c o n d i t i o n ,  the  GCD group was worse than the Control  
and GCD groups .  For the  Size ,  O r i e n t a t i o n  and P o s i t i o n  t e s t s  t h e re  
was no s t a t i s t i c a l  d i f f e r e n c e  between e r r o r s  made on the  Motor and 
Pe r cep t ua l  t e s t s .  In the  case  of  the  Angle and D o t - jo i n in g  c o n d i t i o n s ,  
the  o v e r a l l  motor e r r o r s  were g r e a t e r  than the  pe r c e p t ua l  e r r o r s .  In 
no case  was t h e r e  a s t a t i s t i c a l l y  s i g n i f i c a n t  i n t e r a c t i o n  between Groups 
and Task form.
Due t o  mi ss ing  d a t a ,  the  r e s u l t s  of  f our  s u b j e c t s  could not  be 
inc luded  in t h i s  a n a l y s i s .
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F i g u r e  6 - 7 .  Mean d i r e c t i o n  e r r o r  f o r  each Group on the  p e r c e p t u a l  
and m o to r  fo rms o f  t h e  D o t - C o n n e c t i o n  t a s k
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6.4 CONCLUSIONS
Two important conclusions can be drawn from the preceding 
results. The first is that the GCD group showed a clear disability 
in discriminating and copying simple attributes. The second is that 
there was no evidence that the GCD group was suffering from a motor 
deficit that could not be explained by the perceptual difficulty.
This was supported by the finding that for three of the tests (Size, 
Orientation, Position) there was no difference between the perceptual 
and motor errors and while motor performance was worse than perceptual 
performance for two of the tests (Angle, Direction) there was no 
evidence that the difference was greater for the GCD group.
The results are consistent with those of Warrington et al. (1956) 
and De Renzi and Faglioni (195/) but extend them in that:
(i) they show that the deficit is actually perceptual whereas 
the above authors employed a motor task and assumed that 
the deficit was perceptual;
(ii) they show that deficit occurs for single attributes, 
including the position of one dot (the above authors 
showed the deficit occurred for several dots or crosses);
(iii) they show that the deficit occurs across a wide variety
of attributes, namely, size, orientation, angle, direction 
as well as position. It would appear that none of the 
attributes tested is spared.
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CHAPTER 7
RELATIVE-SIZE PRODUCTION AND 
GRAPHICAL COPYING D ISAB IL ITY
In the l a s t  ch ap te r  i t  was seen t h a t  g r a p h i c a l - c o p y i n g - d i s a b i 1 i t y  
p a t i e n t s  e x h i b i t e d  a d e f i c i t  in p e r c e p t u a l l y  p rocess ing  s imp le  a t t r i ­
b u te s .  The degree o f  e r r o r  f o r  the  GCD group was a pp ro x im a te ly  tw ice  
t h a t  f o r  the Con tro l  g roup .  However, in a b s o lu te  terms,  the  e r r o r  f o r  
the  GCD group was not  l a r g e .  On average the O r i e n t a t i o n  e r r o r  f o r  
the  GCD group was a p p ro x im a te ly  7 ° ,  the  P o s i t i o n  e r r o r  10 mm, the 
Ang le  e r r o r  13°,  and the  D i r e c t i o n  e r r o r  4° and the Size e r r o r  
o n e - f i f t h  o f  the  Standard s i z e .  The q ue s t io n  a r i s e s  as to  whether  
these  minor pe rcep tua l  d e f i c i t s  are the so le  cause o f  the d i s o r d e r  
shown in copying complex f i g u r e s .  The e r r o r s  seen in cop ies  o f  
complex f i g u r e s  (Chapte r  4) were o f t e n  r e l a t i v e l y  g r e a t .  I t  is  pos­
s i b l e  t h a t  these were genera ted by h i g h e r - l e v e l  d e f i c i t s  o f  p e rc ep t io n  
o r  o f  p la n n in g ,  o r  o f  bo th .  Such d e f i c i t s  would not  be man i fes ted  in 
the  s im p le  tasks d es c r ibe d  in Chapter 6. A l t e r n a t i v e l y ,  i t  is p o s s ib le  
t h a t  the  d i s o r d e r  shown in copying complex f i g u r e s  is  s o l e l y  a p rod ­
uc t  o f  the  compounding o f  r e l a t i v e l y  minor pe rcep tua l  problems o f  the 
s o r t  demonstrated in Chapter  6.
I t  is  d i f f i c u l t  t o  p r e d i c t  whe the r s im p le  pe rcep tua l  problems 
cou ld  compound to  produce the problems seen w i t h  complex f i g u r e s .  
However i t  is p o s s i b l e  t o  t e s t  e m p i r i c a l l y  whether GCD p a t i e n t s  s u f f e r
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from d i f f i c u l t i e s  which cannot  be e x p la in e d  by these problems.
A s e r i e s  o f  t e s t s  designed t o  do t h i s  w i l l  be repo r ted  in the 
p re sen t  and f o l l o w i n g  f o u r  c h a p te rs .
7.1 RELATIVE-SIZE PRODUCTION TEST
The i n i t i a l  l i n e  o f  a copy is  o f t e n  o f  the  wrong le n g th .  In 
o r d e r  t o  reproduce the  g e s t a l t  o f  a f i g u r e  a s u b je c t  w i l l  need to 
p rese rve  the r e l a t i v e  s i z e  o f  two l i n e s  r a th e r  than t h e i r  abso lu te  
s i z e s .  The t e s t  d esc r ibe d  in t h i s  ch ap te r  was dev ised  as a measure 
o f  the  a b i l i t y  to  reproduce the r e l a t i v e - s i z e  r e l a t i o n s h i p  between 
two 1i n e s .
The s u b je c t  was r e q u i r e d  to  draw o n l y  a s i n g l e  l i n e .  The l i n e  
was to  be drawn nex t  t o  ano the r  in such a way t h a t  the p r o p o r t i o n a l  
r e l a t i o n s h i p  between the  two l i n e s  was i d e n t i c a l  t o  the p r o p o r t i o n a l  
r e l a t i o n s h i p  between two l a r g e r  model l i n e s .  Thus,  the  fundamental 
motor  demands o f  t h i s  task  were no g r e a t e r  than f o r  the  tasks de­
s c r ib e d  in the  p reced in g  c h a p te r .  However, the  s u b je c t  was re qu i red  
to  make a r e l a t i v e  judgment .  The s u b je c t  a l s o  per formed the task 
when the  s u pp l ie d  l i n e  (and hence the  l i n e  to  be in s e r t e d )  was the 
same leng th  as the  Standard .  Th is  Con tro l  task  cou ld  be performed 
s im p ly  by copying the  o r i g i n a l .  By compar ing the d i f f e r e n c e  in p e r ­
formance on the  two forms o f  the  task  s e p a r a te l y  f o r  each o f  the 
Groups (GCD, C o n t r o l ,  GCD) i t  is  in tended  to  dete rm ine  whether  the 
GCD group was d i f f e r e n t i a l l y  a f f e c t e d  by the e x t r a  demands o f  the 
Exper imenta l  t a s k .
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7 . 1 . 1  Method 
S t i m u l u s  l a y o u t
Each i t e m  in th e  t e s t  c o n s i s t e d  o f  a Model s h e e t  c o n t a i n i n g  two 
l i n e s  b e a r i n g  a p a r t i c u l a r  p r o p o r t i o n a l  r e l a t i o n s h i p  t o  each o t h e r  
and a R e p r o d u c t i o n  shee t  c o n t a i n i n g  o n l y  one l i n e  (see F i g u r e  7 “ 1 ) .  
The s u b j e c t  was r e q u i r e d  t o  draw a second l i n e  on th e  R e p r o d u c t i o n  
s h e e t  so t h a t  t he  l e n g t h  r a t i o  o f  t h e  two l i n e s  was t h e  same as t h a t  
f o r  t h e  Model l i n e s .
MODEL SHEET 
REPRODUCTION SHEET
F i g u r e  7~1 . An i tem  f rom  t h e  R e l a t i v e - s i z e  P r o d u c t i o n  t e s t
(S c a le  1 :5 * 1 )
The d i m e n s i o n s  o f  t h e  Model and R e p r o d u c t i o n  s h e e t s  were 6 "  x 4 "
( 1 5 - 2  x  10 .2  cm).  These s h e e ts  were  mounted on 7 "  x 10"  ( 1 7 - 8  x 25 -4  
cm) b l a c k  backg round  c a r d s .
Model s t i m u l i
The f o u r  Model s t i m u l i  a r e  i l l u s t r a t e d  in  F i g u r e  7~2.  Each 
c o n s i s t e d  o f  two a d j a c e n t  v e r t i c a l  l i n e s  ( b l u e  and r e d ) .  In each 
model t h e  b l u e  r e f e r e n c e  l i n e  was 1 . 6 "  (4 .1  cm).  The red l i n e  was 
e i t h e r  1 . 2 "  ( 3 - 0  cm = 3 /4  o f  t h e  r e f e r e n c e  l e n g t h )  o r  0 . 8 "  ( 2 . 0  cm = i
15^
1
3 b
F igu re  7~2. Model s t i m u l i  f o r  the  R e l a t i v e -  
s i z e  P ro du c t io n  t a s k .
(Reduced. Scale 1 :2 .5 )
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of  the  r e f e r en c e  l e n g t h ) .  In two of  t he  Models the  red l i ne  was 
s i t u a t e d  to t he  l e f t  of  the  b lue  r e f e r e n c e  l i ne  and in t he  o t h e r  two 
t he  red l i n e  was s i t u a t e d  t o  t h e  r i g h t  of  the r e f e r e n c e  l i n e .  The 
l i n e s  were a l i gne d  a t  t h e  base but  s e p a r a t e d  l a t e r a l l y  by 0 . 4 “ (1 .0  cm). 
Reproduct ion s t i mu l i
In the  Exper imental  c o n d i t i o n ,  t he  l i n e  supp l i e d  on the  
Reproduct ion shee t  was sma l l e r  than the  cor r esponding  ( r e f e r en c e )  
l i n e  on t h e  Model she e t  (so t h a t  the  l i n e  i n s e r t e d  by the  s ub j e c t  
should have been s ma l l e r  than the  cor r esponding  l i ne  in the Model 
s h e e t ) .  There were e i g h t  Exper imental  Reproduct ion s h e e t s ,  two for  
each Model.  Each con t a i n e d  a b lue  l i n e  l oc a t ed  in the  same l a t e r a l  
p o s i t i o n  as  the  co r r e spond i ng  r e f e r e n c e  l i n e ,  but  measur ing 1.2"
(3-0 cm) or  0 . 8"  (2 .0  cm).
In the  Control  c o n d i t i o n ,  the  l i n e  supp l i e d  on the  Reproduct ion 
she e t  was i d e n t i c a l  in s i z e  t o  the  r e f e r e n c e  l i n e  on the  Model s h e e t .  
( There fo re  the  l i n e  drawn by t he  s u b j e c t  should have been i d e n t i c a l  
t o  t h e  cor r esponding  l i ne  on the  Model s h e e t ) .  There were four  
Control  Reproduct ion s h e e t s ,  one f o r  each S t anda rd .  Each con t a i ned  
a b lue  l i n e  s i t u a t e d  in t he  same l a t e r a l  p o s i t i o n  as the  r e f e r e n c e  
l i n e  and measur ing 1.6"  (4.1 cm).
Procedure
The s u b j e c t  was i n s t r u c t e d  t h a t  he should draw a red l i ne  on the  
Reproduct ion shee t  so t h a t  the  red l i ne  was " t h e  same p r o p o r t i on  o f  
t h e  b l ue  l i ne  in both p i c t u r e s " .  This  i n s t r u c t i o n  was preceded by a 
very d e t a i l e d  account  o f  t he  r equ i r ement s  of  the  t a sk  us ing examples 
s i mi l a r  t o  those  used in exper imenta l  t e s t i n g  as well  as more c o n c r e t e  
examples des igned to  e x p l a i n  the  meaning of  " p r o p o r t i o n " .  For i n s t a n c e ,  
a ske t ch  o f  a " f a t h e r "  and "son"  were p r es e n t e d  fol lowed by a second
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ske tch  in which both f i g u r e s  were reduced in s i z e .  I t  was exp la ined  
t h a t  the  r e l a t i v e  s i z e  o f  the  f i g u r e s  was the  same in each p i c t u r e  
even a l t hough  the  f i g u r e s  were s m a l le r  in the  second p i c t u r e .
("You see, the  boy is  o n l y  h a l f  the  s i z e  o f  the  man in t h i s  b ig  photo 
and so the  boy must be h a l f  the  s i z e  o f  the  man in t h i s  small  p h o to " ) .  
P r i o r  t o  the  f i r s t  t e s t  t r i a l ,  the  s u b je c t  was t o l d  t h a t  in most 
cases the  Reproduct ion  s t im u lu s  would be s m a l le r  than the  Model r e f e r ­
ence s t im u lu s  (and thus the  in s e r t e d  red l i n e  should be s m a l le r  than 
the  Model red l i n e ) ,  t u t  t h a t  severa l  o f  the  Model and Reproduct ion  
s t i m u l i  would be i d e n t i c a l  ( f o r  which the in s e r t e d  red l i n e  should be 
i d e n t i c a l  to  the  Model red l i n e ) ^ .
The s u b je c t  was then shown the  f i r s t  model and asked to  i n s e r t  
the  a p p r o p r i a t e l y  s ized  l i n e  w i t h  a red b a l l - p o i n t  pen. The twe lve  
Exper imenta l  and Con tro l  i tems were presen ted  in an i n d i v i d u a l l y  
randomized o r d e r .
7 .1 . 2  Resu l t s
For each t r i a l ,  the  le n g th  o f  the  " c o p ie d "  l i n e  was expressed as 
a p r o p o r t i o n  o f  the  le n g th  o f  the  Reproduc t ion  " r e f e r e n c e "  l i n e .  The 
e r r o r  index employed was the  a b s o lu te  d i f f e r e n c e  between the r e s u l t a n t  
p r o p o r t i o n  and the t a r g e t  p r o p o r t i o n .  A mean Exper imenta l  e r r o r  index 
was c a l c u l a t e d  f o r  each s u b je c t  by ave rag ing  i n d i c e s  across the e i g h t  
Exper imenta l  t r i a l s .  The co r respond ing  mean Con tro l  e r r o r  index was 
computed by ave rag ing  in d ic e s  f o r  the  f o u r  Con tro l  t r i a l s .
In r e t r o s p e c t ,  a more a p p r o p r i a t e  procedure  would have been to  in fo rm  
the  s u b je c t  o f  each Con t ro l  i tem s e p a r a t e l y .  F o r t u n a t e l y ,  the r e s u l t s  
suggest  t h a t  the s u b je c t s  t r e a t e d  the  Con tro l  i tems d i f f e r e n t l y  f rom 
the  Exper imenta l  i tems.
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F igu re  7“ 3 shows the mean R e l a t i v e - s i z e  e r r o r  index f o r  each 
o f  the  Groups ( C o n t r o l ,  GCD and GCD) and the  two C o n d i t io n s  ( E x p e r i ­
m e n ta l ,  C o n t r o l ) .  A s p l i t - p l o t  a n a l y s i s  o f  v a r ia n c e  ( l e a s t - s q u a re s  
s o l u t i o n )  showed a s i g n i f i c a n t  Group e f f e c t  [F (2,  38) = 7-90,  p < . 0 1 ) .  
There was a ls o  a s i g n i f i c a n t  C o n d i t i o n  e f f e c t  (F (1,  38) = 18.24,  
p < . 0 1 ) ,  per formance on the  Exper imenta l  c o n d i t i o n  being s i g n i f i c ­
a n t l y  worse than per formance on the Con t ro l  c o n d i t i o n .  F i n a l l y ,  the re  
was a s i g n i f i c a n t  i n t e r a c t i o n  between Groups and C o n d i t i o n  [F (2,  38)
= 3-635 ,  v < . 0 5 ) .
Since th e re  was a s i g n i f i c a n t  i n t e r a c t i o n ,  the ana lyses o f  
Group d i f f e r e n c e s  were made s e p a r a te l y  f o r  each C o n d i t i o n .  S i m i l a r l y ,  
ana lyses  o f  d i f f e r e n c e s  between C o n d i t i o n s  were conducted s e p a ra te l y  
f o r  each Group^.
A one-way a n a l y s i s  o f  v a r ia n c e  o f  e r r o r s  f o r  the  Contro l  c o n d i t i o n  
showed a s i g n i f i c a n t  e f f e c t  o f  Groups {F (2,  38) = 7-595 ,  p  < . 0 1 ) .  
Duncan t e s t s  showed t h a t  a l t h o u g h ,  f o r  t h i s  Con tro l  c o n d i t i o n ,  the re  
was no s i g n i f i c a n t  d i f f e r e n c e  between the  Con tro l  and GCD group,
(q = 0 .3 5 ,  p > . 0 5 ) ,  th e re  was a s i g n i f i c a n t  d i f f e r e n c e  between the 
GCD group and the  Con tro l  group (q = 5 .1 3 ,  p < .01) and between the 
GCD group and the GCD group {q = 4 .7 5 ,  p  < . 0 1 ) .
A n a l y s i s  o f  e r r o r  f o r  the  Exper imenta l  c o n d i t i o n  conformed to  a 
s i m i l a r  p a t t e r n .  A one-way a n a l y s i s  o f  v a r ia n c e  showed a s i g n i f i c a n t
Since th e re  was some non-homogenei ty  o f  v a r ia n c e ,  i t  was f e l t  t h a t  
t h i s  approach was t o  be p r e f e r r e d  to  the  a l t e r n a t i v e  o f  c a l c u l a t i n g  
a s i n g l e  e s t im a te  o f  the  e r r o r  term by p oo l in g  e r r o r  across  a l l  c e l l s .  
In e f f e c t ,  the  separa te  ana lyses meant t h a t  the  e r r o r  term employed 
was t h a t  a ssoc ia te d  w i t h  the  s imp le  main e f f e c t  f o r  the p a r t i c u l a r  
between o r  w i t h i n  group compar ison o f  i n t e r e s t .
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F i g u r e  7~3- Mean e r r o r  index  f o r  each Group in the  
E x p e r im e n t a l  and C o n t r o l  c o n d i t i o n s  o f  
t h e  R e l a t i v e - s i z e  P r o d u c t i o n  t e s t
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main e f f e c t  f o r  Groups {F (2,  38 ) = 6 .890 ,  p < . 0 1 ) .  Duncan t e s t s  
revea led  t h a t  th e re  was no s t a t i s t i c a l  d i f f e r e n c e  in the per formance 
o f  the  Con tro l  and GCD groups (q = 0 .2 1 ,  p > .05) bu t  t h a t  the GCD 
group made more e r r o r s  than e i t h e r  the Con tro l  group (q = 4 .42 ,  p <
.01) o r  the GCD group (q = 4 .2 1 ,  p < .0 1 ) .
Since the re  were o n l y  two l e v e l s  o f  the  C o n d i t i o n  v a r i a b l e ,  the 
compar ison between the  Exper imenta l  and Con tro l  c o n d i t i o n s  f o r  each 
group were made us ing  t h r e e  sepa ra te  dependent  t - t e s t s .  Each group 
made s i g n i f i c a n t l y  more e r r o r s  on the  Exper imenta l  C o n d i t i o n  than on 
the  C on t ro l  c o n d i t i o n  ( C o n t r o l :  t (13) = 2 .95 ,  p < .011;  GCD: t (12) =
4 . 7 8 , p < .001;  GCD: t (13) = 2 .8 8 ,  p < .013 ) .
Summary o f  r e s u l t s
The r e s u l t s  can be summarized as f o l l o w s :
(1) The GCD group per formed more p o o r l y  than a l l  the  o th e r  
groups on both  the  Exper imenta l  and Con tro l  C o n d i t i o n s ;
(2) A l l  groups performed more p o o r l y  in the Exper imenta l  
c o n d i t i o n  than in the Con t ro l  c o n d i t i o n ;  and
(3) There was a s i g n i f i c a n t  i n t e r a c t i o n  between C o nd i t ion  
and Group, the  d i f f e r e n c e  between the Contro l  and 
Exper imenta l  c o n d i t i o n s  be ing  g r e a t e r  f o r  the  GCD 
group than f o r  the  o t h e r  g roups.
7 .1 .3  Conc lus ions
In the  p re v iou s  chap te r  i t  was demonstrated t h a t  the GCD group 
s u f f e r e d  f rom a d i s o r d e r  in  p e r c e i v i n g ,  and t h e r e f o r e  co py ing ,  a b s o lu te  
s i z e .  The f a c t  t h a t  the  GCD group performed more p o o r l y  than the 
o th e r  groups on the  Con tro l  form o f  the  p re sen t  task  is  c o n s i s t e n t  
w i t h  t h i s  f i n d i n g  s in ce  the  demands o f  the  Con tro l  task  can be seen as
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a p p r o x i m a t i n g  th ose  o f  t h e  a b s o l u t e - s i z e  c o p y in g  t a s k .  A com par ison  
o f  t h e  pe r fo rm a n c e  o f  t h e  Groups on the  E x p e r im e n t a l  c o n d i t i o n  shows 
t h a t  t he  GCD group e x h i b i t s  a d i s o r d e r  in  making r e l a t i v e - s i z e  j u d g ­
m en ts .  However ,  an i n t u i t i v e  a n a l y s i s  s ugges ts  t h a t  adequa te  p e r f o r ­
mance on th e  r e l a t i v e  t a s k  m ig h t  depend on adequa te  a b s o l u t e - s i z e  
d i s c r i m i n a t i o n .  Thus th e  d e m o n s t r a t i o n  o f  a d i s o r d e r  in  r e p r o d u c in g  
r e l a t i v e - s i z e  r e l a t i o n s h i p s  m ig h t  n o t  be re ga rded  w i t h  s u r p r i s e .
However ,  i t  does appea r  t h a t  th e  p o o r e r  p e r fo rm a n c e  by the  GCD 
g roup  on t h e  R e l a t i v e - s i z e  t a s k  i s  n o t  e n t i r e l y  a t t r i b u t a b l e  t o  a 
d e f e c t  in  a b s o l u t e - s i z e  judgm en t  b u t  i s  due in  p a r t  t o  a s p e c i f i c  
d e f e c t  in  making r e l a t i o n a l  j u d g m e n t s .  T h i s  i s  because ,  f o r  the GCD 
g r o u p ,  th e  d i f f e r e n c e  in  p e r fo rm a n c e  on the  E x p e r im e n ta l  and C o n t r o l  
c o n d i t i o n s  exceeded t h a t  f o r  t he  o t h e r  g r o u p s .  I f  t h i s  r e l a t i v e l y  
g r e a t e r  d e f i c i t  does i n d i c a t e  t h a t  th e  GCD group  s u f f e r s  f r om  a 
p a r t i c u l a r  d i f f i c u l t y  in  r e p r o d u c i n g  the  r e l a t i v e - s i z e  r e l a t i o n s h i p s  
between l i n e s ,  i t  wou ld  be e x p e c te d  t h a t  complex f i g u r e s  s hou ld  p r e s e n t  
s p e c i a l  d i f f i c u l t i e s  f o r  GCD p a t i e n t s .  I t  m ig h t  be a n t i c i p a t e d  t h a t ,  
n o t  o n l y  wou ld  t h e  GCD p a t i e n t  make e r r o r s  in  c o p y in g  the  s i z e  o f  
i n i t i a l  components o f  a f i g u r e  (due t o  t h e  a b s o l u t e - s i z e  d i s o r d e r )  
b u t  t h a t  he wou ld  n o t  compensate f o r  t h e s e  e r r o r s  in  r e p r o d u c i n g  
subsequ en t  p a r t s  o f  t h e  f i g u r e .  T h i s  wou ld  be due in  p a r t  t o  h i s  i n ­
a b i l i t y  t o  p r e s e r v e  the  r e l a t i o n s h i p  between component l e n g t h s .
However ,  even i f  t h e  p r e c e d i n g  e x p l a n a t i o n  i s  i n v a l i d ,  the  r e s u l t s  
a r e  o f  i n t e r e s t  f r om  a m e t h o d o l o g i c a l  s t a n d p o i n t .  T a k in g  two t e s t s  and 
d e f i n i n g  as t he  " s i m p l e "  and " c o m p l e x "  t e s t s  t he  t a s k s  w h ic h  were p e r ­
fo rmed  b e t t e r  and l e s s  w e l l  r e s p e c t i v e l y ,  i t  has been p o s s i b l e  t o  demon­
s t r a t e  a d i f f i c u l t y  in  p e r f o r m i n g  the  complex t a s k  w h ich  c o u ld  no t  
be e n t i r e l y  accoun te d  f o r  by a d i f f i c u l t y  in  p e r f o r m i n g  the  s im p le  t a s k .
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CHAPTER 8
D I S C R I M I N A T I O N  OF M U L T I P L E  A T T R I B U T E S  A N D  
G R A P H I C A L  C O P Y I N G  D I S A B I L I T Y
It was suggested in Chapter 5 that the disorder in copying and 
discriminating complex figures might result from a low level problem 
either of discriminating simple attributes or, alternatively, of atten­
ding to the attribute necessary to perform a discrimination. It has 
been shown that subjects do indeed suffer from the first difficulty.
The question addressed in this chapter concerns the second difficulty, 
specifically, it asks whether the subjects also suffer from a diffi­
culty in attending to each of a number of attributes presented simul­
taneously. In order to investigate this it was necessary to choose 
attributes which could be discriminated singly such that any diffi­
culty in matching attributes simultaneously could not be explained 
by a difficulty in discriminating the single attributes.
3.1 MULTIPLE-ATTRIBUTE TEST
In the Multiple-Attribute test the subject was required to match 
patterns on the basis of four simple attributes: colour} size3 shape
and contour. An array of 24 patterns which differed in one or more 
of these attributes was presented to the subject. A second set of 24 
patterns, identical to those in the array were then presented singly 
(in the form of a pack of cards) and the subject required to match
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each with an item in the array of patterns. In a separate 
(Single-Attribute) test, the subject was also required to sort his 
pack of cards into categories on the basis of a Single-Attribute, 
each of the four attributes being tested separately. This test was 
intended to assess ability to discriminate between the different 
categories of an attribute when considered singly.
8.1.1 Method 
Stimu 1i
The 2k patterns employed are illustrated in Figure 8-1. Each 
pattern had one of three colours (red, blue, yellow), was one of two 
sizes (large, small), one of two shapes (triangle, square), and was 
drawn with one of two contour-types (broken, continuous). The "large" 
figures were twice the size of the small figures, a discrepancy it 
was hoped might be discriminated by most subjects including those with 
a defect in size discrimination. The width of the large stimuli was 
1" (2.5 cm) and of the small stimuli was 0.5" (1.3 cm). All patterns 
were centred on white 3" x 2" (7-6 x 5.1 cm) stimulus cards.
Apparatus
The array of stimuli were displayed on a specially constructed 
apparatus. The apparatus consisted of 2k "pockets" arranged in a k x 6 
array. The patterns were affixed to the front of the pockets and the 
subject's card could be placed in the pocket. Once in the pocket the 
card was no longer visible to the subject. The dimensions of each 
pocket were 3.2 x 2.5 x 0.3 (8.9 x 6.k x 0.8 cm). The pockets were separa­
ted vertically by 1" (2.5 cm). Each could accommodate a large number 
of cards. The surface of the apparatus was located at a k5° angle to 
the subject to facilitate access to the pockets.
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BLUE YELLOW
BROKENBROKENBROKEN SOLIDSOLID SOLID
F i q u r e  8 - 1 .  M u l t i p l e - A t t r i b u t e  T e s t  s t i m u l i
( S c a l e  1 : 1 . 4  )
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Procedu re
The p o s i t i o n s  o f  t he  p a t t e r n s  in  th e  s t i m u l u s  a r r a y  were
random ized  i n d i v i d u a l l y  f o r  each s u b j e c t ,  as was th e  o r d e r  o f  the
s u b j e c t ' s  c a r d s .  The s u b j e c t  was t o l d  t h a t  he was t o  l o o k  c a r e f u l l y
a t  t h e  a r r a y  o f  p a t t e r n s  in  f r o n t  o f  h im .  The d i f f e r e n t  c o l o u r s ,  shapes ,
s i z e s  and c o n t o u r  t y p e s  were l i s t e d  and th e  s u b j e c t  t o l d  t o  no te  them
in  t h e  a r r a y .  For  each ca rd  in  the  pack th e  s u b j e c t  was t o l d  t h a t  he
was t o  f i n d  th e  p a t t e r n  in  t h e  a r r a y  t h a t  was " e x a c t l y  t he  same" as
th e  p a t t e r n  on h i s  c a r d .  I t  was s t r e s s e d  t h a t , t o  be e x a c t l y  th e  same,
th e  p a t t e r n  sho u ld  have the  "same c o l o u r ,  t he  same shape,  th e  same
s i z e  and the  same o u t l i n e .  E v e r y t h i n g  sho u ld  be the  same". When he
had d e t e c t e d  th e  m a tc h in g  p a t t e r n  the s u b j e c t  was t o l d  t o  p la c e  the
c a rd  beh in d  the  p a t t e r n  in  t he  s e l e c t e d  p o c k e t .
The s u b j e c t  h e ld  t h e  pack o f  c a rd s  e x c e p t  in  cases o f  h e m ip a r e s i s
where the  E x p e r im e n t e r  handed each ca rd  in  t u r n  t o  t h e  s u b j e c t .
The a b i l i t y  t o  d i s c r i m i n a t e  a t t r i b u t e s  s i n g l y  was a l s o  t e s t e d .
The s u b j e c t  was i n s t r u c t e d  t o  s o r t  ca rd s  i n t o  c a t e g o r i e s  f o r  each
a t t r i b u t e  in  t u r n .  For  exam p le ,  in  t h e  case o f  t h e  c o l o u r  a t t r i b u t e
t h e  s u b j e c t  was g i v e n  t h e  pack o f  ca rd s  and t o l d ,
"Some o f  t he  c a rd s  a r e  b l u e ,  some a re  red and o t h e r s  
a r e  y e l l o w .  I wan t  you t o  s o r t  t h e  ca rd s  i n t o  g roups  
w i t h  t h e  red p a t t e r n s  in  one g r o u p ,  t h e  y e l l o w  p a t t e r n s  
in  a n o t h e r  and the  b l u e  p a t t e r n s  in  t he  o t h e r " .
T h ree  cue c a r d s ,  one shaded y e l l o w ,  one shaded b l u e  and one shaded red 
were  p la c e d  in  t h e  c e n t r a l  p o c k e ts  o f  t h e  a p p a r a t u s  ( w i t h  th e  rem a in ­
ing  p o c k e ts  c o n t a i n i n g  no s t i m u l i )  and the  s u b j e c t  i n s t r u c t e d  t o  p la c e  
each ca rd  in  t he  r e l e v a n t  p o c k e t  b e h in d  th e  cue c a r d .  When a l l  th e  
c a r d s  had been s o r t e d  f o r  th e  c o l o u r  a t t r i b u t e ,  t h e  p roc es s  was r e p e a t ­
ed f o r  t he  s i z e  a t t r i b u t e .  When t h i s  was com p le ted  the  shape and
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f i n a l l y  the  con t our  a t t r i b u t e s  were t e s t e d .  Cue c a r d s ,  as well  as a 
verba l  d e s c r i p t i o n  of  the  c a t e g o r i e s  were employed fo r  each a t t r i b u t e  
( see  Appendix F l ) .  The o r de r  of  p r e s e n t a t i o n  of  p a t t e r n s  was random­
ized f o r  each a t t r i b u t e  and fo r  each s u b j e c t .  Hal f  of  the  s u b j e c t s  
completed the  S i n g l e - A t t r i b u t e  s o r t i n g  t e s t  p r i o r  t o  t he  main 
M u l t i p l e - A t t r i b u t e  t e s t  and h a l f  completed i t  fo l l owi ng  the  main t a s k .
8 . 1 . 2  Re s u l t s  and d i s c u s s i o n
S in g le  a t t r i b u t e
Four s u b j e c t s  exper i enced  some d i f f i c u l t y  in s o r t i n g  a t t r i b u t e s  
s i n g l y .  All  were members of  t he  GCD group.  Two of  t he se  s u b j e c t s ,  
however,  made an e r r o r  on only one of  the four  a t t r i b u t e s ,  and only one 
e r r o r  of  a p o s s i b l e  24 e r r o r s  fo r  t h a t  a t t r i b u t e .  Upon f u r t h e r  t e s t i n g  
t h e se  two s u b j e c t s  named the  ca t egory  of  the a t t r i b u t e  ( e . g .  b l ue ,  
r ed ,  yel low)  fo r  each of  t he  24 cards  wi t hou t  f a u l t .  The remaining two 
s u b j e c t s  made a l a rge  number of  e r r o r s  in s o r t i n g  the  p a t t e r n s  by 
s i z e ,  and t he se  e r r o r s  were s t i l l  e v i de n t  in f u r t h e r  t e s t i n g  where the 
s u b j e c t  was r equ i r e d  to  i d e n t i f y  (by name) the  s i z e  ca t eg o r y  (v i z .  l a rge  
or  smal l )  f o r  each p a t t e r n .
The d i f f e r e n c e  in per formance fo r  t he  GCD, GCD and Control  groups 
did not  a t t a i n  s t a t i s t i c a l  s i g n i f i c a n c e  (F i s h e r y  > . 05,  2 t a i l e d ) .
M u lt ip le  a t t r i b u t e
Six of  t h e  13 GCD s u b j e c t s ,  but  none of  t he  s u b j e c t s  from the 
o t h e r  groups ,  showed a d i f f i c u l t y  ( i . e .  made a t  l e a s t  one confus ion 
e r r o r )  in d i s c r i m i n a t i n g  m u l t i p l e  a t t r i b u t e s ^ .  S i g n i f i c a n t l y  more GCD
^A f u r t h e r  one GCD s u b j e c t  was unable t o  f i n d  a match for  one of  the  
p a t t e r n s .  This  e r r o r  of  omiss ion has been ignored as i t  is l i k e l y  to 
have r e s u l t e d  from a v i s u a l - f i e l d  problem ( the  t a r g e t  p a t t e r n  in t h i s  
case  being s i t u a t e d  in the bot tom cor ne r  of  the  a r r ay  on the  s i de  
c o n t r a l a t e r a l  t o  t he  s u b j e c t ' s  l e s i o n ) .
166
s u b j e c t s  than GCD s u b j e c t s  (Fisher p < . 0 2 ,  2 t a i l e d )  o r  C o n t r o l  sub­
j e c t s  (Fisher p < . 0 2 ,  2 t a i l e d )  made e r r o r s  in  th e  M u l t i p l e - A t t r i b u t e  
t a s k .
A t o t a l  o f  3^ e r r o r s  were made by t h e  s i x  s u b j e c t s .  T h i r t y - e i g h t  
p e r c e n t  o f  these  were c o l o u r  c o n f u s i o n s ,  35% were s i z e  c o n f u s i o n s ,  3 2 % 
c o n t o u r  c o n f u s i o n s  and 3% were shape c o n f u s i o n s .  An example o f  t he  
c o n f u s i o n s  f o r  one s u b j e c t  a r e  i l l u s t r a t e d  in  F i g u r e  8 - 2 .  T h i s  
p a r t i c u l a r  GCD s u b j e c t  made no e r r o r s  in  s o r t i n g  a t t r i b u t e s  s i n g l y ,  
b u t  c o n s i s t e n t l y  c o n fu s e d  th e  c o l o u r  o f  th e  s t i m u l i  in  th e  M u l t i p l e -  
A t t r i b u t e  t a s k .  However c o n f u s i o n s  f o r  any g i v e n  s u b j e c t  were n o t  
a lw a y s  o f  t he  same t y p e .  For  exam p le ,  one o f  th e  e r r o r s  f o r  a s u b j e c t  
m i g h t  r e s u l t  f rom a c o l o u r  c o n f u s i o n  and a n o t h e r  f r om  a c o n t o u r  c on ­
f u s i o n .  However , t h e  e r r o r  on any g i v e n  i n d i v i d u a l  i t em  was u s u a l l y  
due t o  a c o n f u s i o n  in  o n l y  one o f  the  f o u r  a t t r i b u t e s .  In f a c t ,  o n l y  
one o f  the  t o t a l  o f  3^ e r r o r s  r e s u l t e d  f r om  a c o n f u s i o n  in  more than 
one a t t r i b u t e .  Thus ,  t h e  p a t t e r n  o f  e r r o r s  d i d  n o t  resemble  t h a t  w h ich  
w ou ld  a r i s e  as a r e s u l t  o f  m i s u n d e r s t a n d i n g  i n s t r u c t i o n s  o r  o f  random 
r e s p o n d i n g .  R a t h e r ,  t h e  s u b j e c t  seemed a b le  t o  a t t e n d  t o  t h r e e  bu t  
n o t  a lw ay s  f o u r  s i m u l t a n e o u s l y  p r e s e n t e d  a t t r i b u t e s .
The GCD s u b j e c t s  were  s i g n i f i c a n t l y  w o rs e ,  as a g r o u p ,  than the  
o t h e r  g roups  on the  M u l t i p l e -  ( b u t  n o t  t h e  S i n g l e - )  A t t r i b u t e  t a s k .  
However ,  t h i s  f i n d i n g  i s  n o t  e n t i r e l y  c o n v i n c i n g  e v id e n c e  t h a t  the  
GCD g roup  s u f f e r s  f r om  a s p e c i f i c  d i f f i c u l t y  in d i s c r i m i n a t i n g  m u l t i p l y  
p r e s e n t e d  a t t r i b u t e s .  A l t h o u g h  th e  d i f f e r e n c e  between groups  on the  
S i n g l e - A t t r i b u t e  t a s k  d i d  n o t  a t t a i n  s t a t i s t i c a l  s i g n i f i c a n c e ,  a num­
b e r  o f  GCD s u b j e c t s  d i d  e x p e r i e n c e  d i f f i c u l t y  w i t h  th e  t a s k .  I t  i s  
p o s s i b l e  t h a t  th ese  d i f f i c u l t i e s  may have c o n t r i b u t e d  t o  th e  d i s o r d e r  
on the  M u l t i p l e - A t t r i b u t e  t e s t .  In an a t t e m p t  t o  c o n t r o l  f o r  t h i s
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F i g u r e  8 - 2 .  E r r o r s  on t h e  M u l t i p l e - A t t r i b u t e  t a s k  f o r
a GCD s u b j e c t  who made no e r r o r s  in  S i n g l e -  
A t t r i b u t e  s o r t i n g
p o s s i b i l i t y ,  t he  a n a l y s i s  ( o f  t h e  M u l t i p l e - A t t r i b u t e  r e s u l t s )  was 
rep e a te d  a f t e r  e x c l u d i n g  e r r o r s  on t h e  m u l t i p l e  t a s k  w h ich  i n c o r p o r a t e d  
a t t r i b u t e s  f o r  w h ic h  any e r r o r  was made on the  S i n g l e - A t t r i b u t e  t a s k .  
T h i s  reduced the t o t a l  e r r o r  r a t e s  f o r  two o f  th e  s u b j e c t s ,  b u t  as 
b e f o r e ,  6 o f  the  13 GCD p a t i e n t s  s t i l l  r e g i s t e r e d  e r r o r s  in  the  m u l t i p l  
d i s c r i m i n a t i o n  t a s k .  Thus th e  r e s u l t s  o f  the  s t a t i s t i c a l  a n a l y s i s  o f  
d i f f e r e n c e  between g roups  rem ains  unchanged.
In c o n c l u s i o n ,  th e  e v id e n c e  s u g g e s ts  t h a t  a t  l e a s t  some o f  th e  
GCD s u b j e c t s  e x p e r i e n c e  a s p e c i f i c  d i f f i c u l t y  in  a t t e n d i n g  t o  a l l  t h e  
r e l e v a n t  a t t r i b u t e s  r e q u i r e d  t o  make a d i s c r i m i n a t i o n .  C e r t a i n l y  cases 
such as t h a t  i l l u s t r a t e d  in  F i g u r e  8 -2  appear  t o  s u f f e r  f rom an 
a t t e n t i o n a l  d i f f i c u l t y .  C l e a r l y ,  t h e s e  p r e l i m i n a r y  and t e n t a t i v e  
f i n d i n g s  s hou ld  be i n v e s t i g a t e d  f u r t h e r .  In p a r t i c u l a r ,  i t  would be 
o f  c o n s i d e r a b l e  i n t e r e s t  t o  p l o t  e r r o r - r a t e  as a f u n c t i o n  o f  a t t r i b u t e  
number and t o  compare th e  r e s u l t i n g  c u r v e s  f o r  t h e  t h r e e  c r i t e r i o n
g r o u p s .
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CHAPTER 9
VISUAL SCANNING AND GRAPHICAL COPYING DISABILITY
In Chap te r  5,  i t  was seen t h a t  c o p y i n g - d e f i c i t  s u b j e c t s  showed 
a d i s o r d e r  in  d i s c r i m i n a t i n g  between complex g e o m e t r i c a l  f i g u r e s .
T h i s  d i s o r d e r  may have been due a t  l e a s t  in  p a r t ,  t o  s i n g l e - a t t r i b u t e  
p e r c e p t u a l  p rob lems  (C h a p te r  6 ) .  C h a p te r  8 sugges te d  t h a t ,  a d d i t i o n ­
a l l y ,  GCD p a t i e n t s  have d i f f i c u l t y  in  a t t e n d i n g  t o  p a r t i c u l a r  a t t r i b u t e s  
in  a compound. Of c o u r s e ,  a v a r i e t y  o f  o t h e r  s k i l l s  a re  i n v o l v e d  in  
bo th  c o p y in g  and d i s c r i m i n a t i n g  between complex f i g u r e s .  For  example,  
t h e  p e r c e i v e r  must a n a l y s e  the  f i g u r e s  i n t o  components  and o p e r a t e  
on t h e s e  i n d i v i d u a l l y .  T h i s  e n t a i l s  th e  a b i l i t y  t o  i d e n t i f y  c o r r e s ­
pond ing  components  in  t h e  two f i g u r e s ,  t o  a t t e n d  t o  t he  components 
in  an a p p r o p r i a t e  o r d e r  and t o  p ro c e s s  them e x h a u s t i v e l y .  In s h o r t ,  
t he  p e r c e i v e r  must be a b l e  t o  scan th e  f i g u r e  c o m p e t e n t l y .  The t e s t s  
r e p o r t e d  in  t h i s  c h a p t e r  a t t e m p t e d  t o  examine t h e s e  dynamic a s p e c ts  
o f  p e r c e p t i o n .  They were concerned  w i t h  the  p ro c e s s  o f  m a t c h i n g ,  
s e a r c h i n g  and s c a n n in g  v i s u a l  a r r a y s .
Four t e s t s  were  employed .  These were the  V i s u a l  M a tch ing  t e s t  
( 9 . 1 ) ,  V i s u a l  Sea rch t e s t  ( 9 . 2 ) ,  V i s u a l  Scanning  t e s t  ( 9 . 3 )  and the 
Component C or respondence  t e s t  ( 9 . ^ ) .
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9.1 VISUAL MATCHING TEST
L i k e  the  Complex p e r c e p t u a l  d i s c r i m i n a t i o n  t e s t ,  th e  V is u a l  
M a tc h in g  t a s k  was a t e s t  o f  t h e  s u b j e c t ' s  a b i l i t y  t o  make p e r c e p t u a l  
d i s c r i m i n a t i o n s  between m u l t i - e l e m e n t  a r r a y s .  However ,  th e  e lem ents  
in  t he  a r r a y s  were p i c t u r e s  o f  f a m i l i a r  o b j e c t s ,  w h ic h  the  s u b j e c t s  
were a b l e  t o  i d e n t i f y  r e a d i l y  when p r e s e n t e d  s i n g l y ^ .  F u r t h e r m o r e ,  the  
e le m e n ts  were p e r c e p t u a l l y  d i s c r e t e  and r e g u l a r l y  a r r a n g e d .  Thus,  
any d e f i c i e n c y  in  d i s c r i m i n a t i o n  wou ld  s tem f rom an i n a deq ua te  v i s u a l  
s c a n n in g  and c o o r d i n a t i o n  o f  t h e  c o n t e n t s  o f  t h e  two a r r a y s  and 
c o u l d  n o t  be a t t r i b u t e d  t o  a d i f f i c u l t y  i n  p e r c e i v i n g  t h e  e lem ents  
t h e m s e l v e s .
9 . 1 . 1  Method
S t i m u l i
There were n in e  s t i m u l u s  i t e m s .  Each i te m  c o n s i s t e d  o f  two 
s p a t i a l l y  s e p a r a t e  m a t r i c e s ,  each c o n t a i n i n g  n in e  p i c t u r e s  o f  f a m i l i a r  
o b j e c t s  a r ra n g e d  in  a 3 x 3 m a t r i x  (see F i g u r e  9 ~ 1 ) .
W i th  t h e  e x c e p t i o n  o f  one s u b j e c t  who i d e n t i f i e d  a p i c t u r e  o f  a t r e e  
as a c a u l i f l o w e r  (a n o t  u n re a s o n a b le  e r r o r ) ,  a l l  n o n - a p h a s i c  p a t i e n t s  
were a b l e  t o  name the  p i c t u r e s  o f  f a m i l i a r  o b j e c t s  c o r r e c t l y  in a 
p r e l i m i n a r y  s c r e e n i n g  t e s t .  Of t he  a p h a s i c  p a t i e n t s  who were unab le  
t o  name th e  p i c t u r e s ,  none d e m o n s t ra te d  a p e r c e p t u a l  d i s o r d e r  on the  
Complex P e r c e p tu a l  d i s c r i m i n a t i o n  t a s k  ( o r  indeed  p e r fo rm ed  p o o r l y  
on th e  V i s u a l  M a tc h in g  t a s k )  so t h a t  i t  can be assumed t h a t  they  were 
a b l e  t o  d i s c r i m i n a t e  between the  p i c t u r e s .
I w i s h  t o  acknowledge t h a t  t he  p i c t u r e s  used in  t he  a r r a y s  in  t h i s  
s e c t i o n  and in  the  s e a rc h  and s c a n n in g  t a s k s  in  the  n e x t  s e c t i o n  
were  ta ken  f rom a ca rd  o f  p i c t u r e s  o r i g i n a t i n g  f r om  the  N a t i o n a l  
N e u r o l o g i c a l  D iseases  H o s p i t a l ,  London.
171
FIGURE 9-1
An i t e m  f rom  th e  V i s u a l  M a tc h in g  t e s t
The m a t r i c e s  in  each p a i r  were  a r r a n g e d  one be low  t h e  o t h e r .  The 
l o w e r  m a t r i x  was i d e n t i c a l  t o  t h e  uppe r  one e x c e p t  t h a t  e i t h e r  a 
nove l  o b j e c t  was s u b s t i t u t e d  in  one l o c a t i o n ,  o r  t h e  o b j e c t s  in  two 
were  e x c hang ed .  The l o c a t i o n s  o f  t h e  changed o b j e c t s  d i f f e r e d  f o r  
each s t i m u l u s  i t e m .
Each m a t r i x  measured 8 . 3 "  x 5 . 9 "  (21 x 15 cm) and each p i c t u r e  
in  t h e  m a t r i x  was e n c lo s e d  in  a r e c t a n g u l a r  c e l l  m e a s u r i n g  2 . 7 5 "  x 
2 . 0 "  ( 7 x 5  cm).  The two m a t r i c e s  were  s e p a r a t e d  by 2 . 7 5 "  (7 cm).  
The s t i m u l u s  i t em s  were bound in  a s p i r a l  b i n d e r .
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Procedure
A demonst ra t ion  i tem was p laced  be fo re  the  s u b je c t  on the t a b l e .
The f o l l o w i n g  i n s t r u c t i o n s  were g iven
"Here are two s e ts  o f  p i c t u r e s  ( i n d i c a t e s ) .  I want you 
to  t e l l  me whether  these two cards are  e x a c t l y  the same 
o r  n o t .  To be the  same, each card must have the same 
drawings and these drawings must be in the  same p o s i t i o n  
o r  s l o t  on each c a rd .  For i n s ta n c e ,  i f  the  m idd le  p i c t u r e  
is  a t r e e  on t h i s  c a rd ,  then i t  would need to  be a t r e e  
on t h i s  card .  Remember, they  are the same i f  the p i c t u r e s  
are  a l l  the  same and they are  in the  same p o s i t i o n s  on 
t h e i r  page. Are these  the  same o r  d i f f e r e n t ? "
A f t e r  a p r a c t i c e  i tem in wh ich  the  s u b je c t  was c o r re c te d  i f  he i n ­
c o r r e c t l y  s ta te d  t h a t  the  cards were the  same, the  n in e  s t i m u l i  were 
presented  in an i n d i v i d u a l l y  randomized o r d e r .  I f  the s u b je c t  s ta te d  
t h a t  the  a r rays  were d i f f e r e n t  he was asked to  s p e c i f y  ( e i t h e r  v e r b a l l y  
o r  by p o i n t i n g )  in what way they d i f f e r e d .  I f  h i s  reason was c o r r e c t ,  
c r e d i t  was g iven f o r  the  i tem. No feedback was p rov ided  on any o f  
the  n ine  t e s t  i tems.  Response la t e n c y  was measured f o r  each o f  the 
i te rns .
9 .1 . 2  Resu1ts  
E r ro rs
Table 9 “ 1 p resen ts  the  mean e r r o r  scores f o r  each o f  the  groups 
( C o n t r o l ,  GCD, GCD). Since  over  h a l f  o f  the  s u b je c t s  f rom the Con tro l  
and GCD groups d id  not  make a s i n g le  e r r o r ,  the  mean r e s u l t s  were not  
ana lysed f u r t h e r .
F igu re  9~2 ( i )  shows the  percen tage  o f  s u b je c t s  f rom each group 
who o f f e r e d  a t  l e a s t  one i n c o r r e c t  response on the  matching t e s t .
A Ch i-square  t e s t  on t h i s  data  demonsträted a s i g n i f i c a n t  a s s o c i a t i o n  
between Group and e r r o r  response ( x 2 (2) = 6 .3 9 ,  p < . 0 5 ) .  C l e a r l y ,  
more GCD than Contro l  o r  GCD s u b je c t s  made a t  l e a s t  one e r r o r  response.
The c h i - s q u a r e  t e s t s  in t h i s  and subsequent  s e c t i o n s  o f  the  chap te r  
are based on s u b je c t  f r e q u e n c ie s .
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TABLE 9-1
Visual  Matching e r ro r
Group n Mean S.D
Contro l 14 0 .93 1.49
GCD 13 0.69 1 .03
GCD 14 1.78 1.58
However, the re  is  no d i f f e r e n c e  between the  perfo rmance o f  the 
Con tro l  and GCD groups.
Of the e r r o r s  made by the  GCD g roup ,  12 occur red  on the  s ide  
o f  the  page c o n t r a l a t e r a l  t o  the  s u b j e c t ' s  l e s i o n ,  9 on the  s ide  
i p s i l a t e r a l  to  the  l e s io n  and two in the  c e n t r a l  r e g ion .  Cor res ­
ponding f i g u r e s  f o r  the  GCD group were A, 3 and 2.
Response la ten cy
F ig u re  S~2 ( i i )  i l l u s t r a t e s  the  mean re s p o n s e -1atency f o r  
c o r r e c t  i tems f o r  each o f  the  t h r e e  groups .  A one-way a n a l y s i s  o f  
v a r ia n c e  o f  the  l o g a r i t h m i c a l l y  t rans fo rm ed  scores  demonstrated a 
s i g n i f i c a n t  e f f e c t  o f  Groups (F (2 ,  37) = 6 .9 3 ,  p < . 0 1 ) .  Duncan 
p a i r w is e  compar isons showed t h a t  the  GCD group took  s i g n i f i c a n t l y  
longer to  respond than d id  the GCD group (q = 3 .1 7 ,  p < .05) o r  the 
Con tro l  group (q = 5 .25 ,  p < .01) a l t ho u gh  the  l a t t e r  groups d id  
not  d i f f e r  s i g n i f i c a n t l y  in mean la t e n c y  {q = 2 .0 4 ,  p > . 0 5 ) .
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F i g u r e  9~2.  V i s u a l  M a tc h in g  t a s k  r e s u l t s
( i )  p e r c e n ta g e  o f  s u b j e c t s  making 
a t  l e a s t  one e r r o r
( i i )  mean response l a t e n c y
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9 . 1 . 3  D iscuss ion
Th is  exper iment  demonstra ted t h a t  GCD s u b je c t s  are less  able  in 
compar ing two separa te  a r ra y s  o f  d i s c r e t e  s t i m u l i  than are GCD o r  
Con t ro l  s u b je c t s .  T h is  suggests t h a t  the  poore r  per formance o f  the  
GCD p a t i e n t s  in d i s c r i m i n a t i n g  between two geom e t r ica l  f i g u r e s  and 
in copy ing complex f i g u r e s  may not  be due s o l e l y  t o  a d i f f i c u l t y  
in a t t e n d in g  t o ,  o r  compar ing ,  s i n g l e  e lements .  C o p y i n g - d e f i c i t  
p a t i e n t s  a ls o  a p p a r e n t l y  expe r ience  d i f f i c u l t y  a t  some p o i n t  in the 
process o f  s e q u e n t i a l l y  scann ing and compar ing the e lements o f  a 
p a t t e r n .
A more c a r e fu l  e x p l o r a t i o n  o f  the  p o s s i b l e  reasons f o r  the poore r  
per formance o f  the  GCD s u b je c t s  w i l l  be cons ide red  in the  next  sec­
t i o n s .  However, i t  can be sa id  t h a t  the  r e s u l t s  were not  r e la t e d  in 
any s imp le  way to  u n i 1a t e r a 1 - i n a t t e n t i o n  s ince  the e r r o r s  were d i s ­
t r i b u t e d  a pp ro x im a te ly  e ven ly  in the  f i e l d  c o n t r a l a t e r a l  and 
n o n - c o n t r a l a t e r a l  ( i . e .  i p s i l a t e r a l  and c e n t r a l )  t o  the  s u b j e c t ' s  
l e s i o n .
9 .2  VISUAL SEARCH TEST
The t e s t  r e p o r te d  in the  p reced in g  s e c t i o n  examined the a b i l i t y  
t o  compare and d i s c r i m i n a t e  between two a r r a y s .  However, in o rde r  
t o  compare two a r r a y s ,  the s u b je c t  must be capable o f  p rocess ing  a 
s i n g l e  a r r a y  a c c u r a t e l y .  In o r d e r  t o  i n t e r p r e t  the  r e s u l t s  o f  the 
V isua l  Matching t e s t ,  i t  is  necessary t o  de te rm ine  whether d i f f i c u l t y  
in d i s c r i m i n a t i n g  between two d i s c r e t e  a r ra y s  was due to  a problem 
in c o o r d in a t i n g  i n f o r m a t i o n  f rom the  two a r r a y s ,  o r  a problem in
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processing a single array. The test described in this section 
was therefore designed to assess the subject's ability to search 
a single visual array.
There is some evidence in the literature that patients with 
frontal-lobe lesions perform less well on visual search tasks than 
do non-frontal patients (Teuber, Battersby & Bender, 19^9)* There 
is also compelling evidence that parietal, and not frontal patients, 
most frequently suffer constructional problems (see Chapter 2). It 
might therefore be predicted that constructional apraxics would not 
suffer visua1-search defects. Nevertheless, it seems reasonable to 
assume that a subject who cannot exhaustively scan a visual display 
will experience difficulty in copying complex stimuli and in making 
discriminations between stimuli. If the subject fixates only one 
or two aspects of a display, or if he is in some other way unable 
to apply an efficient scanning technique, it would seem surprising 
if the resultant discrimination judgment or copy were not deficient.
In fact, Belleza, Rappaport, Hopkins and Hall (1979) did show that 
copying-deficit subjects tend to take longer to locate the most 
informative part of a picture (see Chapter 2). However, there has 
been no direct investigation of the relationship between copying 
deficit and visual-search defect.
The items employed in the Visual Search test in the present 
study were arrays of pictures of familiar objects. Often, as in the 
Teuber et al., (19^ +9) study, the subject in a visual search task is 
required to indicate where a particular target is located. In this 
task however, the subject was required to determine whether a target 
was present. This eliminated the need for a precise position judgment, 
which potentially, for the copying deficit patients, could have
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presented a problem. The use of target-absent trials enabled 
estimation of the frequency of false-negative responses. Such 
responses can be interpreted as indicating a failure to search 
exhaustively. In turn, a high rate of fa 1se-negatives in GCD 
patients could be taken as indicating that inadequate copying be­
haviour is due to a failure to exhaustively search the visual field.
Three conditions were employed in the test. The first condition 
comprised visua1-search tasks in which the subject was required to 
indicate if a target Stimulus was present in each of several arrays.
In the second and third conditions only one stimulus was presented. 
The subject was to judge whether or not it was the target stimulus.
In the second condition single items were presented in the 
centre of the field at the fixation point. This test provided a 
measure of the ability to process one stimulus. In the third 
condition, single stimuli were presented away from the fixation 
point. The position of each stimulus was matched to the position 
of the target in a corresponding search array in the first condition. 
This tested the adequacy and latency of identification when the 
stimulus processed was located away from the fixation point. Thus 
it tested search accuracy and latency in the absence of the 
"distracting stimuli" used in Condition 1.
9.2.1 Method 
Stimu 1i
There were eight items for each condition. Details of the items 
for each condition are described below.
Condition 1 (Multiple). Each Condition 1 item comprised eleven 
pictures of familiar objects. These were arranged in an irregular
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p a t t e r n  wi t h i n  t h e  6 . 7"  x 4 . 4"  (17 x 11.3 cm) f i e l d  a rea  o f  a 
whi te  t a c h i s t o s c o p i c  card ( see  Figure  9 ~ 3 ) • Hal f  of  the  ca rds  con­
t a i n e d  a t a r g e t  s t i mu l u s  wh i l e  h a l f  did not .  Of the  ca rds  con t a i n i n g  
a t a r g e t  s t i mu l us ,  two t a r g e t s  were l oca t ed  in the  c e n t r a l  region 
but  j u s t  o u t s id e  t he  f i x a t i o n  a r ea  and two in the  p e r i p h e r a l  a r e a s .
One of  each of  the  p e r i p h e r a l  and " c e n t r a l "  s t i mu l i  were on the  l e f t  
and one of  each on the  r i g h t .
C o n d itio n  2 ( C e n t r a l ) .  Each o f  t he  Condi t ion 2 s t i mu l i  con t a ined  
a s i n g l e  f a m i l i a r  p i c t u r e  which was l oc a t ed  in t he  c e n t r e  o f  the  
f i e l d  a r ea  of  a t a c h i s t o s c o p i c  ca rd .  In h a l f  o f  the  s t i mu l us  cards  
t he  f a m i l i a r  p i c t u r e  was the  t a r g e t  and in h a l f  i t  was no t .  A 
d i f f e r e n t  p i c t u r e  was used f o r  each of  the  n o n - t a r g e t  i tems.
C o n d itio n  3 ( L a t e r a l ) .  Each of  t h e  Condi t ion 3 s t i mul us  i tems 
c o n s i s t e d  o f  a s i n g l e  f a m i l i a r  p i c t u r e  l oca t ed  o u t s i d e  the f i x a t i o n  
po i n t  in t he  f i e l d  a r ea  of  a t a c h i s t o s c o p i c  c a r d .  The s p e c i f i c  
l o c a t i o n  of  each p i c t u r e  cor responded  to  a t a r g e t  l o c a t i o n  fo r  
Condi t ion 1. (Thus,  in two o f  t he  s t i mu l i  the p i c t u r e  was l oca t ed  
in the ext reme p e r i p h e r y  of  t he  f i e l d  whi l e  in the o t h e r  two the 
p i c t u r e  was l oc a t ed  more c e n t r a l l y .  One p e r i p h e r a l  t a r g e t  was l oc a t ed  
to t he  l e f t  and the o t h e r  t o  t he  r i g h t  of  the f i x a t i o n  r eg ion .  
S i m i l a r l y ,  one " c e n t r a l "  t a r g e t  was l oca t ed  to  t he  l e f t  and the  o t h e r  
to  r i g h t  o f  f i x a t i o n . )
In a d d i t i o n  to  t h e  s e a r c h - f i e l d  s t i m u l i  d e s c r i be d  above,  a 
v i s u a l - n o i s e  card was employed.  The card  was the  same as those  used 
in backward-masking exper i men t s  except  t h a t  in a d d i t i o n  to  the  usual  
a r r ay  of  un r ecogn i zab l e  l i n e s ,  a 1 cm d i amete r  b r i g h t  orange 
f i x a t i o n  dot  was a f f i x e d  t o  t h e  c e n t r e  of  the  f i e l d .
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App a ra tu s
S t i m u l i  were p r e s e n t e d  in  an E l e c t r o n i c  Developmen ts t w o - f i e l d  
t a c h i s t o s c o p e . The s t i m u l u s  f i e l d  sub tended  a v i s u a l  a n g le  o f  14° 
v e r t i c a l l y  and 22° h o r i z o n t a l l y .  The lu m inance  l e v e l  was 5 -0  l u x  
a t  t h e  s u b j e c t ' s  eye.  Response t im e s  were measured ( i n  m secs)  by a 
Marcon i  C o u n t e r / T im e r  (Model T F - 2 ^ 1 6 ) .  S t i m u l u s  p r e s e n t a t i o n  and 
the  t i m e r  were i n i t i a t e d  by t h e  e x p e r i m e n t e r  and t e r m i n a t e d  by t he  
s u b j e c t ' s  response on a s w i t c h  w h ic h  was mounted on the  f r o n t  o f  the  
t a c h i s t o s c o p e . For  maximum ease o f  manual response th e  s u b j e c t  was 
r e q u i r e d  t o  respond by f l i c k i n g  th e  s w i t c h  down. The e f f e c t  o f  
a c t i v a t i n g  th e  s u b j e c t  s w i t c h  was t o  r e p l a c e  the  s e a r c h - f i e l d  s t i m u l u s  
w i t h  a v i s u a l - n o i s e  s t i m u l u s .
P rocedu re
P r i o r  t o  t h e  e x p e r i m e n t ,  the  s u b j e c t  was shown (one by one on 
the  t a b l e )  each o f  t h e  p i c t u r e s  o f  f a m i l i a r  o b j e c t s  and asked t o  name 
them. The p i c t u r e  o f  t h e  r a t  was then  p r e s e n t e d  a g a in  and t h e  sub ­
j e c t  t o l d :
" T h i s  i s  t h e  p i c t u r e  I w i l l  be a s k i n g  you t o  l o o k  f o r  
in  he re  ( i n d i c a t e s  t he  t a c h i s t o s c o p e ) . . .  Now I am go in g  
t o  show you one o f  t h e s e  p i c t u r e s  (E i n d i c a t e s  th e  
f a m i l i a r  p i c t u r e s ) . . . !  wan t  you t o  d e c id e  as q u i c k l y  as 
p o s s i b l e  w h e th e r  t h e  p i c t u r e  i s  a r a t .  As soon as you 
know, I want  you t o  p re s s  t h i s  b u t t o n  h e r e ,  l i k e  t h i s ,  
and l e t  me know, yes o r  no,  i f  t h e  p i c t u r e  was a r a t . "
I n i t i a l l y ,  t h e  v i s u a l - n o i s e  f i e l d  was d i s p l a y e d  and th e  s u b j e c t  asked
t o  c o n c e n t r a t e  on t h e  f i x a t i o n  p o i n t .  The s u b j e c t  was then  g i v e n  a
w a r n in g  s i g n a l  ( "R eady " )  and th e  f i r s t  p r a c t i c e  s t i m u l u s  was p r e s e n t e d .
F o l l o w i n g  h i s  manual res pons e ,  t he  s u b j e c t  was asked w h e t h e r  o r  n o t
the  p i c t u r e  had c o n t a i n e d  a " r a t " .  The s u b j e c t  was c o r r e c t e d  i f
ne c e s s a ry  and then g i v e n  a n o t h e r  p r a c t i c e  t r i a l .  T h e r e a f t e r ,  h a l f
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o f  t h e  C o n d i t i o n  2 ( C e n t r a l )  s t i m u l i  were p r e s e n t e d  in  an
i n d i v i d u a l l y  randomized  o r d e r .
The e x p e r i m e n t e r  then  p r o v i d e d  new i n s t r u c t i o n s .
" T h i s  t im e  i t  w i l l  be a l i t t l e  d i f f e r e n t .  The p i c t u r e  
m ig h t  n o t  be r i g h t  in  the  m i d d l e  o f  t h e  page.  I t  c o u ld  
be anywhere on the  pap e r .  Or t h e r e  m ig h t  be a l o t  o f  
p i c t u r e s  and the  r a t  m ig h t  be anywhere among them. I f  
t h e r e  i s  a r a t  anywhere on th e  page p re s s  the  b u t t o n  
and t e l l  me. I f  t h e r e  i s  no r a t  anywhere on th e  page 
p re s s  th e  b u t t o n  and say 'n o  r a t 1. "
C o n d i t i o n  1 and 3 s t i m u l i  were combined and p r e s e n t e d  in  an i n d i v i d u ­
a l l y  randomized o r d e r .  F o l l o w i n g  th e  p r e s e n t a t i o n  o f  a l l  t he  
C o n d i t i o n  1 and 3 s t i m u l i ,  t h e  second h a l f  o f  t h e  C o n d i t i o n  2 s t i m u l i  
were p r e s e n t e d  in  an i n d i v i d u a l l y  randomized o r d e r .  P r i o r  t o  the  
p r e s e n t a t i o n  o f  t h e  l a t t e r  s t i m u l i  t h e  s u b j e c t  was a g a in  in fo rm ed  
t h a t  t h e r e  wou ld  be o n l y  one c e n t r a l  s t i m u l u s .  T h ro u g h o u t  t e s t i n g  
t he  s u b j e c t  was reminded t h a t  he was l o o k i n g  f o r  a r a t .
The C o n d i t i o n  2 s t i m u l i  were p r e s e n t e d  s e p a r a t e l y  f r om  the  o t h e r  
s t i m u l i  so t h a t  t h e  s u b j e c t  c o u ld  be s p e c i f i c a l l y  i n fo rm ed  t h a t  th e  
s t i m u l u s  wou ld  be c e n t r a l l y  l o c a t e d .  I t  was f e l t  t h a t  a b lo c k e d  
p r e s e n t a t i o n  w ou ld  be l e s s  c o n f u s i n g  t o  t h e  s u b j e c t  than a c o m p l e t e l y  
randomized p r e s e n t a t i o n  r e q u i r i n g  c o n s t a n t l y  c hang in g  i n s t r u c t i o n s .  
However ,  p r a c t i c e  and f a t i g u e  e f f e c t s  were c o n t r o l l e d  by a d m i n i s t e r ­
ing h a l f  o f  t he  C o n d i t i o n  1 i tems  b e f o r e ,  and h a l f  o f  t he  C o n d i t i o n  1 
i tems a f t e r ,  th e  o t h e r  s t i m u l i .
9 . 2 . 2  R e s u l t s  
E r r o r s
F i g u r e  d e p i c t s  t h e  mean e r r o r  pe r  s u b j e c t  averaged  a c ro s s
items for  each of the Conditions 1 to 3. The analysis of these 
results presents a problem. Parametric and most non-parametric
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t e s t s  a r e  i n a p p r o p r i a t e  due to  the predominance of  ze ro  e r r o r  
s co res  fo r  the Control  and GCD s u b j e c t s  on a l l  c o n d i t i o n s  and fo r  the 
GCD group on Condi t i ons  2 and 3. A Ch i - squa re  t e s t  was not  a p p r o p r i ­
a t e  due to  the low expec ted f r e q u e n c i e s  in some c e l l s .  Accord ing l y ,  
a s e r i e s  of  F i she r  p r o b a b i l i t y  t e s t s  were a p p l i e d .
No e r r o r s  were made by any s u b j e c t  from any group on Condi t ion 
2 ( C e n t r a l ) .  Four of  the  12 GCD s u b j e c t s  t e s t e d ,  but  no GCD or 
Control  s u b j e c t ,  made e r r o r s  on Condi t ion 3 ( L a t e r a l ) .  Thi s  d i f f e r ­
ence in e r r o r s  f o r  the  groups does not  a t t a i n  s t a t i s t i c a l  s i g n i f i c a n c e  
(p > . 05 ) .
Eleven of  t h e  12 GCD s u b j e c t s  made a t  l e a s t  one e r r o r  on Condi t ion 
1 (Mul t ip le)  wh i l e  only f i v e  of  the  13 GCD s u b j e c t s  made one or  more 
e r r o r s  on t h a t  c o n d i t i o n .  Thi s  d i f f e r e n c e  in e r r o r s  fo r  t he  groups 
is  s i g n i f i c a n t  (p < . 05 ) .  That  i s ,  t he  GCD group showed a d e f e c t  in 
v i sua l  search when compared to the GCD group.
Table 3-2 c l a s s i f i e s  the  e r r o r  r esponses  f o r  Condi t ion 1. I t  
shows the  f a l s e - n e g a t i v e  responses  ( e r r o r s  in which the  s u b j e c t  i n ­
c o r r e c t l y  s t a t e d  t h a t  t he  t a r g e t  was not  p r e s en t )  and the f a l s e - p o s i t i v e  
responses  ( e r r o r s  in which the  s u b j e c t  i n c o r r e c t l y  s t a t e d  t h a t  the  
t a r g e t  was p r e s en t )  for  each group.  Each group made more 
f a l s e - n e g a t i v e  r e sponses  than f a l s e - p o s i t i v e  r e s pons es .  However,  
t h i s  d i f f e r e n c e  i s  only s i g n i f i c a n t  in the  case  o f  the  GCD group 
which made 3-6 t imes  as  many f a l s e - n e g a t i v e  r e sponses  as f a l s e - p o s i t i v e  
r esponses .  (GCD group:  x2 = 7*35,  p < .01;  GCD group:  x2 = 0 . 4 ,  
p > .05;  Control  group:  N is  too small  f o r  s t a t i s t i c a l  t e s t ) .  There 
was no s t a t i s t i c a l  d i f f e r e n c e  between the  tendency of  the  GCD group 
and the GCD group (x2 = 0 . 0 ,  p > . 0 5 ) ,  o r  indeed of  the  GCD group 
and the Control  group (x2 = 1 .6,  p > .05) to  o f f e r  f a l s e - p o s i t i v e
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responses. However, there is a highly significant difference 
between the GCD and GCD groups (x2 = 23.46, p < .001) and also 
between the GCD and Control groups (x2 = 14.21, p < .001) in the 
frequency of false-negative responses (the GCD group making more 
errors). We can conclude that the GCD group showed a specific ten­
dency to make false-negative errors in Visual Search.
TABLE 9-2
Frequency of error types for each group
Error type Control Group GCD Group GCD Group
Fa 1se-positive 1 4 5
Fa 1se-negative 2 6 18
Further examination of the distribution of errors for Condition 
1, showed that they tended to occur to targets in the extreme periph­
ery. Eighty-three percent (15/18) of the GCD group false-negative 
responses occurred when the target was located in the extreme periph­
ery. Eighty percent (4/5) of the GCD false-negative errors occurred 
in the periphery, and, of the two Control false-negative errors, one 
was a peripheral target.
For the GCD group, 61% (11/18) of false-negative responses 
occurred for target ipsilateral to the side of the lesion. For the 
GCD group 50% (3/6) were ipsilateral. Thus, there was no evidence 
of lateralization of false-negative errors in subjects of either 
group (GCD group: x2 = 0.89, p < .05; GCD group: Binomial (x = 3,
N = 6) p > .05).
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The c l a s s i f i c a t i o n  o f  e r r o r s  f o r  C o n d i t i o n  3 s ugges ts  a s i m i l a r  
p a t t e r n .  F i v e  o f  6 (83%) o f  a l l  f a l s e - n e g a t i v e  e r r o r s  o c c u r r e d  when 
the  t a r g e t  s t i m u l u s  was l o c a t e d  in  t he  ex t rem e p e r i p h e r y  and 3 /5  (57%) 
o f  these  e r r o r s  o c c u r r e d  in  response t o  a t a r g e t  i p s i l a t e r a l  t o  th e  
s u b j e c t ' s  l e s i o n  ( t h e  t o t a l s  f o r  t h i s  c o n d i t i o n  a re  to o  sma l l  f o r  
m e a n in g fu l  s t a t i s t i c a l  a n a l y s i s ) .
Response l a t e n c y
F i g u r e  9-5  i l l u s t r a t e s  t h e  response l a t e n c y  f o r  each group 
(ave raged  o v e r  t he  c o r r e c t  responses  f o r  each s u b j e c t )  and each 
c o n d i t i o n .
A s p l i t - p l o t  a n a l y s i s  o f  v a r i a n c e  ( l e a s t - s q u a r e s  s o l u t i o n )  
y i e l d e d  a s i g n i f i c a n t  main e f f e c t  f o r  Groups (F (2 ,  36) = 3 - 7 1 ,  p <
.05)  and f o r  C o n d i t i o n s  (F ( 2 ,  72) = 5 1 . 9 8 ,  p < . 0 1 ) .  The i n t e r ­
a c t i o n  between Groups and C o n d i t i o n s  d i d  n o t  a t t a i n  s i g n i f i c a n c e
(F (4 ,  72) = 1 .1 4 ,  p > . 0 5 ) .
Duncan p a i r w i s e - c o m p a r i s o n  t e s t s  r e v e a le d  t h a t  response t im e  
was l o n g e r  f o r  C o n d i t i o n  1 than  f o r  e i t h e r  C o n d i t i o n  2 o r  3 (q = 10 .5 5 ,  
p < . 0 1 ;  q^ = 13-79,  p < .01)  and th e  response t im e  f o r  C o n d i t i o n  3 
was l o n g e r  than f o r  C o n d i t i o n  2 (q = 3 - 2 4 ,  p < . 0 5 ) .
In t he  Group c o m p a r i s o n s ,  o n l y  t h e  GCD and C o n t r o l  groups 
d i f f e r e d  s i g n i f i c a n t l y ,  the  GCD g roup  l a t e n c y  be in g  s i g n i f i c a n t l y  
l o n g e r  {q = 3 *80 ,  p < . 0 5 ) .  The GCD group  l a t e n c y  was n o t  s i g n i f i c ­
a n t l y  s h o r t e r  than  th e  GCD g roup  l a t e n c y  {q = 1 . 0 2 ,  p > .05)  b u t  
n e i t h e r  was i t  d i f f e r e n t  f r om  the  C o n t r o l  group  l a t e n c y  {q = 2 . 8 2 ,  
p > . 0 5 ) .  I t  i s  p o s s i b l e  t h a t  t h e  p r e c e d i n g  a n a l y s e s  may have been
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d i s t o r t e d  by the  r a t h e r  marked h e t e r o g e n e i t y  of  v a r i a n c e  ac ros s  
c e l l s ^ .  However, i t  is  c l e a r  wi thou t  r ecour se  to  s t a t i s t i c a l  t e s t s ,  
t h a t  the e f f e c t  o f  d i s p l a c i n g  a s i n g l e  s t i mul us  l a t e r a l l y ,  or  of  em­
bedding i t  in a m u l t i p l e  a r r a y  of  s t i m u l i ,  i s  not  g r e a t e r  f o r  the 
GCD group.  The d i f f e r e n c e  between Control  and GCD response  l a t ency  
i s  approximate ly  c o n s t a n t  a c r o s s  the  c o n d i t i o n s .
Summary of  r e s u l t s
In summary:
1. The GCD group made more e r r o r s  than the  o t h e r  groups when 
the  t a sk  involved the  scanning of  an a r r a y  of  f i g u r e s  
(Condi t ion 1) .  (However,  no s u b j e c t  made e r r o r s  in the 
s imple i d e n t i f i c a t i o n  and response  t o  a s i n g l e  c e n t r a l l y  
l oca t ed  f a m i l i a r  s t i mu l us  (Condi t ion  2 ) .  S i m i l a r l y ,  t h e re  
was no s i g n i f i c a n t  d i f f e r e n c e  between groups in the  number 
of  s u b j e c t s  making e r r o r s  in which a s i n g l e  s t i mul us  was 
d i s p l a c e d  l a t e r a l l y  (Condi t ion 3) ( a l t hough  the  only 
e r r o r s  were made by members of  the  GCD g r o u p ) ;
2. In t he  m u l t i p l e - f i g u r e  t a s k ,  t he  GCD group made more 
f a l s e - n e g a t i v e  r esponses  than the o t h e r  groups ;
3. F a l s e - n e g a t i v e  r esponses  tended to  occur  when the  t a r g e t  
s t i mu l us  was in the  ext reme p e r ip h e r y  of  the search  f i e l d ;
I t  was not  p r a c t i c a b l e  t o  c o r r e c t  f o r  t h i s  h e t e r o g e n e i t y  by applying 
a t r a n s f o r m a t i o n  to  the  d a t a ,  s i n c e  t he  i n t e r a c t i o n  term would then 
have been imposs ib l e  to  i n t e r p r e t .
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k.  The p o s i t i o n  o f  th e  o m i t t e d  t a r g e t  was no t  r e l a t e d  to  the  
s id e  o f  the  s u b j e c t ' s  le s io n . ;  and 
5. D i s p l a c i n g  a s t i m u l u s  caused an i n c r e a s e  in  response
l a t e n c y  and a d d in g  d i s t r a c t i n g  s t i m u l i  caused a f u r t h e r  
in c re a s e  in  response l a t e n c y  f o r  a l l  g r o u p s .  However , 
t h e r e  was no e v id e n c e  t h a t  d i s p l a c i n g  o r  add ing  s t i m u l i  
caused a d i f f e r e n t i a l l y  g r e a t e r  e f f e c t  on response  t im e  
f o r  th e  GCD g roup  compared t o  t h e  C o n t r o l  o r  GCD g ro u p .
9 . 2 . 3  D is c u s s io n
The main c o n c l u s i o n  f rom t h i s  t e s t  i s  t h a t  the  C o p y i n g - d e f i c i t  
group was les s  a c c u r a t e  than  the  o t h e r  g roups  in  th e  ( m u l t i p l e - s t i m u l u s )  
V i s u a l  Search t a s k  ( C o n d i t i o n  1 ) .  S in c e  no s u b j e c t  made e r r o r s  in 
C o n d i t i o n  2,  t h i s  e f f e c t  c a n n o t  be e x p l a i n e d  in  te rms o f  a memory 
d i f f i c u l t y ,  a manual response p r o b le m ,  o r  an e x p r e s s i v e  speech d e f e c t .
The f a c t  t h a t  t he  t h r e e  e x p e r i m e n t a l  g roups  d i d  n o t  d i f f e r  
s i g n i f i c a n t l y  in  C o n d i t i o n  2 and 3 s u g g e s ts  t h a t  t h e  p rob lem  in  the  
V i s u a l  Search c o n d i t i o n  was s p e c i f i c a l l y  a p rob lem  in  sc a n n in g  m u l ­
t i p l e  s t i m u l i .  There  i s  no e v id e n c e  in  t h i s  d a ta  t h a t  t h e  GCD group 
s u f f e r e d  f rom s i g n i f i c a n t  d i f f i c u l t i e s  in  p r o c e s s i n g  s i n g l e  s t i m u l i .
The e v id e n c e  t h a t  t h e  GCD e r r o r s  tended  t o  be fa  1s e - n e g a t i v e s , 
and t h a t  th ese  e r r o r s  tended t o  o c c u r  in  th e  p e r i p h e r y ,  s ugges ts  t h a t  
t h e  GCD s u b j e c t s  were n o t  s c ann ing  the  v i s u a l  f i e l d  e x h a u s t i v e l y .
E i t h e r  t h e y  were i g n o r i n g  p e r i p h e r a l  s t i m u l i ,  o r  t h e y  were p r o c e s s i n g  
t h e  s t i m u l i  in t h e  p e r i p h e r a l  f i e l d s  in  a c u r s o r y  and in c o m p le te  manner .
T h i s  s u g g e s t i o n  o f  i nadeq ua te  s e a r c h ,  o r  in a d e q u a te  s t i m u l u s  
p r o c e s s i n g  in  th e  p e r i p h e r y ,  i s  s u p p o r te d  i n d i r e c t l y  by t h e  response 
l a t e n c y  d a t a .  The C o n t r o l  group  responded more q u i c k l y  than th e  GCD
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g ro u p  in  C o n d i t i o n  2.  As w i l l  become e v i d e n t  (C hap te r  1 3 ) ,  i t  i s  
u n l i k e l y  t h a t  the  700 m i l l i s e c o n d  d i s c r e p a n c y  i n v o l v e d  can be a t t r i b u ­
ted  e n t i r e l y  t o  a d i f f e r e n c e  in  s im p l e  r e a c t i o n  t i m e .  A t  l e a s t  some 
o f  t h i s  d i f f e r e n c e  must have a r i s e n  as a consequence o f  i n c r e a s e d  
p e r c e p t u a l  p r o c e s s in g  t i m e .  In t h i s  c a s e ,  any d i f f e r e n c e  in  t o t a l  
p r o c e s s i n g  t im e  between GCD and C o n t r o l  s u b j e c t s  sho u ld  have in c re a s e d  
w i t h  t he  number o f  i tems p rocessed  (assuming  t h a t  m u l t i p l e  i tem a r r a y s  
c anno t  be processed  c o m p l e t e l y  in  p a r a l l e l ) .  The d i f f e r e n c e  between 
the  two groups  s hou ld  t h e r e f o r e  have been g r e a t e r  in  C o n d i t i o n  1 than 
C o n d i t i o n  2.  The f a c t  t h a t  t h i s  d i d  n o t  o c c u r  s u p p o r t s  t h e  c o n c l u s i o n  
t h a t  the  GCD s u b j e c t s  were p r o c e s s i n g  fe w e r  i t e m s .
The f i n d i n g  t h a t  p e r i p h e r a l  f i g u r e s  a r e  n e g l e c t e d ,  im m e d ia t e l y  
r a i s e s  th e  q u e s t i o n  o f  w h e th e r  th e  r e s u l t s  c o u ld  be e x p l a i n e d  in  
te rms o f  u n i l a t e r a l  n e g l e c t .  However ,  s u r p r i s i n g l y ,  t h e r e  was n o t  a 
g r e a t e r  tendency  t o  make e r r o r s  in  s c a n n in g  the  f i e l d  c o n t r a l a t e r a l  
t o  t h e  s u b j e c t ' s  l e s i o n  and hence i t  must be con c lu d e d  t h a t  t h e  s ea rch  
p rob lem  i s  n o t  a d i r e c t  e x p r e s s i o n  o f  u n i l a t e r a l  v i s u a 1 - i n a t t e n t i o n .
9 . 3  VISUAL SCANNING TEST
I t  was seen in  t he  p r e v i o u s  s e c t i o n  t h a t  t he  GCD g roup  was 
i n f e r i o r  in  v i s u a l  s ea rch  t o  t he  GCD and C o n t r o l  g r o u p s .  I t  was 
con c lu d e d  t h a t  t h i s  i n f e r i o r i t y  was due in  p a r t  t o  a f a i l u r e  t o  scan 
the  s t i m u l u s  a r r a y  f u l l y .  The V i s u a l  Scanning  t e s t  was des ig n e d  t o  
e x p l o r e  t h i s  q u e s t i o n  more d i r e c t l y  by d e t e r m i n i n g  th e  p a t t e r n  o f  
s c a n n in g  a v i s u a l  a r r a y .
I t  would seem l i k e l y  t h a t  i f  a s u b j e c t  i s  una b le  t o  adop t  a 
s y s t e m a t i c  sca n n in g  p a t t e r n  he w i l l  be u n l i k e l y  t o  p e r f o r m  w e l l  on a
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Visual Search task. In particular, he might be expected to omit 
parts of the visual field. Alternatively, the scanning pattern 
might be systematic, but not exhaustive. For instance, only the 
central areas of the field might be scanned.
In each item of the Visual Scanning test, the subject was presen­
ted with an arrangement of pictures of common objects. The subject 
was asked to name each object in the arrangement. Interest was 
centred around:
(1) whether the subject named (without prompting) all 
pictures in the field;
(2) whether the subject adopted a "systematic" approach in 
identifying the objects (reflected by the order in 
which the names were offered); and
(3) whether patterns of omission could be associated with 
particular strategies.
9.3.1 Method 
Stimu1i
Each item consisted of a set of pictures of familiar objects 
arranged in one of six different configurations. These were as 
fol1o w s :
Horizontal: five horizontally aligned pictures.
Vertical : five vertically aligned pictures.
Triangle : twelve pictures arranged in the pattern of a
triangle with five pictures per side.
Square : twelve pictures arranged in the pattern of a
square with four pictures per side.
Rows : twelve pictures arranged in a k x 3 matrix-
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Irregular: twelve pictures arranged so that they did not form
any regular pattern.
Each of the configurations was mounted and centred on a white card 
measuring 8.3" x 11.6" (21 x 29-5 cm). The square-configuration item 
is illustrated in Figure 9-6.
Procedure
For each item, the subject was asked to name "all the pictures 
you can see on the page". The subject was not told that order was 
relevant and it was intended that the subject would perceive the 
task only as a simple naming test, and that hence, spontaneously 
adopted sequencing strategies would be observed. The six stimuli 
were presented in an individually randomized order. The three 
aphasic subjects who were unable to name all the items were asked 
to point to the pictures. The experimenter recorded the order of the 
pictures.
9-3-2 Results 
Scanning sequence
The order of scanning of each pattern for each subject was 
classified into one of three categories. These were (1) systematic 
(2) not entirely systematic and (3) most unsystematic. The classifica­
tions were made by the experimenter. (Examples of classifications are 
included in Appendix G).
In general, performance was systematic and orderly for all groups 
and there were no group differences. No subject received a rating of 
"3" (most unsystematic) for any item. Ten subjects received at least 
one rating of "2" (not entirely systematic). Considering each group in
turn, 36% (5/1*0 of the GCD patients, 31% (A/13) of the GCD patients and 
7% (1/1*0 of the Controls received a rating of "2".
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F i g u r e  3~ 6 . An i t e m  f rom th e  V i s u a l  
Scann ing  t e s t
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Since more than 20% of the expected cell frequencies would be less 
than 5, a Chi-square test employing separate GCD and GCD and Control 
data could not be applied. However, the GCD and GCD results clearly 
did not differ and it therefore seemed valid to combine them. When 
this was done to form a Lesion group, a Chi-square test (corrected 
for continuity) could be validly applied. However, this test failed 
to yield a significant association between Group and scanning tendency 
(x2 = 2.15, p > .05). Only three subjects showed more than one Category 
2 scanning pattern. These were all GCD patients. However, no subject 
made more than two Category 2 scans.
The scanning patterns were recategorized according to the 
inferred scanning rule used to produce them. Table 9~3 illustrates 
the scanning patterns employed for each item (with the exceptions of 
the random item, for which no simple rule could be defined, and the 
horizontal and vertical arrays for which every subject offered a 
simple linear readout of the pictures).
Two main rules were noted for the square, triangle and row 
configurations. These were: (i) Row scanning. The figures were
processed row by row or column by column commencing at an outer row 
(column) and moving progressively to each adjacent row (column) 
and (ii) Outline scanning. The figures were processed in accordance 
with the outline of the figure, commencing at one corner and progres­
sing to each adjacent stimulus.
There were no clear differences between the GCD and GCD groups 
in the use of these rules. However, it would appear that there may 
have been a difference between the Control and brain-damaged groups.
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Approximately 50% of  the  Control  group adopted the row-scanning r u l e  
f o r  the T r i ang l e  and Square i tems and 100% did so f o r  the Rows i tem.
In compar i son,  a p e r f e c t  row scanning  r u l e  was adopted by l e s s  than 
20% of  the Lesion s u b j e c t s  for  the T r i a n g l e  and Square i tems and j u s t  
over  70% for  the  Row i t ems.  This  d i f f e r e n c e  between Lesion and 
Control  groups is  s i g n i f i c a n t  f o r  the  T r i a n g l e  (F isher  p < .05) and 
square  (p < .05) i tems but  f a i l s  t o  a t t a i n  s i g n i f i c a n c e  fo r  the Rows 
i tem (x2 = 2 . 7 k ,  p < . 10 ) .
Cons ider ing  only  the  p e r f e c t  scanning per formances ,  i t  can be 
seen t h a t  t he r e  i s  a tendency f o r  each brain-damaged group to  use the  
o u t l i n e  approach more f r e q u e n t l y  than the  Control  group.  However,  
only fo r  the  square  c o n f i g u r a t i o n  and the GCD group in comparison 
wi th  the  Control  group does t h i s  reach s i g n i f i c a n c e  {Fisher p < .0 5 ) .
I t  is known t h a t  in copying and v i s ua l  scann ing ,  normal s u b j e c t s  
tend to  p rogre s s  from l e f t  t o  r i g h t  and from top to bot tom.  In o r de r  
to de t e rmine  whether  t he se  t e n d e n c i e s  were ma n i f e s t ed  e q u a l l y  by the  
t h r e e  exper i ment a l  g roups ,  a f u r t h e r  r e c l a s s i f i c a t i o n  of  t he  scanning 
p a t t e r n s  was made. This  a n a l y s i s  a l s o  sugges t ed  t h a t  scanning p a t t e r n s  
a r e  a f f e c t e d  by b r a i n  damage,  but  a g a i n ,  did not  d i s t i n g u i s h  between 
the GCD and GCD groups .  N i n e t y - t h r e e  p e r ce n t  o f  a l l  Control  s u b j e c t s  
s t a r t e d  a t  the top l e f t  hand s i de  o f  every  p i c t u r e  ( exc luding  
t o p - v e r t e x  s t a r t s  f o r  T r i a n g l e  i t em) .  In c o n t r a s t ,  only 59% of the 
e n t i r e  Lesion group always s t a r t e d  a t  the  top l e f t  hand co rne r  (46% 
of  the  GCD group and 71% of  the  GCD group) .  A Ch i - square  a n a l y s i s  
i n d i c a t e d  t h e re  to  be a s i g n i f i c a n t  a s s o c i a t i o n  between the  p resence  
of  b r a i n  damage and a t endency to  sometimes ( i . e .  a t  l e a s t  once) s t a r t  
a t  e i t h e r  the r i g h t  or  bot tom of  the p i c t u r e  when scanning (x2 = 4 .56 ,  
p < . 0 5 ) .  However,  a f t e r  Yates c o r r e c t i o n  fo r  c o n t i n u i t y  t h i s
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significance level was reduced (x2 = 3-5^, p < .06) and only 
approached significance. A Fisher test showed no statistical difference 
between the GCD and GCD groups in starting tendency (p > .05).
Scanning omissions
No subject omitted a picture in either of the one-dimensional 
arrays. However, nine subjects omitted at least one picture in 
scanning the remaining arrays. Seven of these subjects were GCD 
patients and the remaining two subjects were from the GCD group.
This apparent difference between the GCD and GCD groups was not 
significant on a Fisher exact probability test (p > .05). However, 
when the GCD and Control groups were compared, it was found that the 
tendency to make an omission was significantly greater in the GCD 
group than in the Control group (Fisher p < .01) whereas there was 
not a statistically significant tendency for the GCD group to make 
more omissions than the Control group {Fisher p > .05).
Only two subjects made more than one omission error across 
items. One of these subjects was a GCD subject who made four omissions. 
The other subject made two omissions and was from the GCD group.
Of a total of 13 omissions across subjects and items, eight were 
extreme pictures (i.e. extreme left or extreme right) in the array.
This does not indicate a statistically significant tendency for errors 
to occur in the extreme periphery of the visual field (p > .05).
There was no association between lesion-side and the visual field in 
which the omission occurred, six of the 11 lateralized omissions being 
from the visual field contralateral to the subject's lesion and five being 
ipsilateral to the subject's lesion.
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9 - 3 - 3  D is c u s s io n
GCD s u b j e c t s  tended  t o  o m i t  f i g u r e s  in  the  sca n n in g  p rocess  
more than  C o n t r o l s ,  w h i l e  GCD s u b j e c t s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  
f r om  t h e  C o n t r o l s  in  t h i s  r e s p e c t .  T h i s  f i n d i n g  i s  c o n s i s t e n t  w i t h  
t he  V i s u a l  Search r e s u l t s  r e p o r t e d  in  s e c t i o n  9 . 2 .  However ,  t h e r e  
was no e v id e n c e  t h a t  GCD s u b j e c t s  adop te d  a le s s  s y s t e m a t i c  approach 
in  s c a n n in g  than GCD s u b j e c t s ,  no r  t h a t  t h e y  employed d i f f e r e n t  
s c a n n in g  p a t t e r n s .
W h i l e  the te nden cy  t o  o m i t  d e s ig n s  m ig h t  r e p r e s e n t  an a t t e n t i o n a l  
d i f f i c u l t y ,  i t  seems t h a t  i t  i s  n o t  r e l a t e d  t o  s e l e c t i n g  a s y s t e m a t i c  
app ro a c h .  F u r t h e r m o r e ,  s i n c e  t h e r e  was n o t  an o v e r a l l  tendency  f o r  
c o n t r a l a t e r a l  f i g u r e s  t o  be o m i t t e d ,  i t  seems t h a t  u n i l a t e r a l  n e g l e c t  
canno t  by i t s e l f  e x p l a i n  t h i s  tenden c y  tow ard  o m i s s i o n .
In t h i s  t a s k ,  u n l i k e  the  V i s u a l  Search t a s k  d e s c r i b e d  in  th e  
p r e v i o u s  s e c t i o n ,  GCD s u b j e c t s  were n o t  s i g n i f i c a n t l y  more l i k e l y  t o  
o m i t  p e r i p h e r a l  f i g u r e s .  I f  t h i s  i s  a r e l i a b l e  f i n d i n g ,  i t  r a i s e s  
th e  q u e s t i o n  o f  w h e t h e r  t h e  s u b j e c t  was a p p r o a c h in g  th e  two t a s k s  in 
t he  same way. The r e q u i r e m e n t  t h a t  he must name each i tem  in  t he  
V i s u a l  Scanning t a s k  may f o r c e  the  s u b j e c t  t o  f u l l y  p ro c e s s  each 
p i c t u r e  w h ic h  comes t o  h i s  a t t e n t i o n .  The V i s u a l  Search t a s k  (where 
no t a r g e t  was p r e s e n t  50% o f  the  t im e )  may have encou raged  a less  
e x h a u s t i v e  approach  t o  each s t i m u l u s .
W h i l e  t h e r e  i s  no e v id e n c e  t h a t  GCD s u b j e c t s  adop t  a l es s  sys te m ­
a t i c  app roach  in  sc a n n in g  than GCD s u b j e c t s ,  t h i s  da ta  sugges ts  t h a t  
b ra in -dam ag e  pe r  se may p roduce c e r t a i n  changes in  sca n n in g  b e h a v i o u r .  
W h i le  th e  s t a t i s t i c a l  f i n d i n g s  s h o u ld  be t r e a t e d  w i t h  c a u t i o n ,  t hey  
im p ly  t h a t  t h e  Les io n  g roup  tended t o  be l e s s  s y s t e m a t i c  in  s c a n n in g ,  
showed a g r e a t e r  te ndency  t o  work  f r om  r i g h t  t o  l e f t  and a l s o  more
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o f t e n  tended t o  scan the  o u t l i n e s  o f  f i g u r e s  than  C o n t r o l  s u b j e c t s .
The l a t t e r  f i n d i n g s  may c a r r y  i n t e r e s t i n g  i m p l i c a t i o n s .  B r a in e  (1968) 
f o r  i n s t a n c e  has argued  t h a t  r i g h t  t o  l e f t  s c ann ing  is  a d e v e l o p ­
menta l  l y  l e s s  matu re  response  than  l e f t  t o  r i g h t  s c a n n in g .
3 . b  COMPONENTS CORRESPONDENCE TEST
In o r d e r  t o  d i s c r i m i n a t e  between complex  g e o m e t r i c a l  fo rms i t  
i s  nec es s a ry  f o r  t h e  p e r c e i v e r  t o  i d e n t i f y  c o r r e s p o n d i n g  components 
in  the  two c o n f i g u r a t i o n s .  I t  was conc lu d e d  in  s e c t i o n  9*1 t h a t  
t he  a b i l i t y  t o  v i s u a l l y  match e le m e n ts  o f  an a r r a y  was d i s o r d e r e d  in  
t h e  GCD g roup .  T h i s  s u g g e s ts  t h a t  d i f f i c u l t y  in  i d e n t i f y i n g  c o r r e s ­
pond ing  p a t t e r n - c o m p o n e n t s  c o u ld  be a f a c t o r  in  the  p rob lems e x p e r i ­
enced by GCD p a t i e n t s .  However ,  the  V i s u a l  M a tc h in g  t e s t  d e s c r i b e d  in 
s e c t i o n  9-1 o n l y  p a r t i a l l y  i n c o r p o r a t e s  t he  p rob lems  e n c o u n te re d  by 
a p e r c e i v e r  in  com par ing  complex fo rm s  w h ic h  have n o n - d i s c r e t e  
componen ts .  The Components C o r respondence  t e s t  was des igned  t o  
p r o v i d e  a more r e a l i s t i c  measure o f  how w e l l  s u b j e c t s  c o u ld  i d e n t i f y  
c o r r e s p o n d i n g  p a r t s  in  such s t i m u l i .
The s t i m u l i  were s i m i l a r  in  s t r u c t u r e  t o  i tems used in  the  
Copying  t e s t  (C h a p te r  b ) . The s u b j e c t  was shown a p a i r  o f  p a t t e r n s ,  
each o f  w h ich  was c o n s t r u c t e d  o f  a s e r i e s  o f  c o l o u r e d  l i n e s .  The 
p a t t e r n s  were i d e n t i c a l  b u t  d i f f e r e n t  c o l o u r s  were used f o r  th e  
c o r r e s p o n d i n g  l i n e s  o f  th e  two p a t t e r n s .  The s u b j e c t  was asked to  
i d e n t i f y  c o r r e s p o n d i n g  l i n e s  by s p e c i f y i n g  t h e i r  c o l o u r s .
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T h i s  t e c h n iq u e  i s  p o t e n t i a l l y  u s e f u l  in t h a t :
(1) i t  a l l o w s  th e  d e t e r m i n a t i o n  o f  w h e th e r  s u b j e c t s  can 
i d e n t i f y  c o r r e s p o n d i n g  p a r t s  o f  a p a t t e r n ;
(2) i f  t h e  s u b j e c t  ca n n o t  i d e n t i f y  c o r r e s p o n d i n g  p a r t s ,  
i t  p r o v i d e s  some i n s i g h t  i n t o  t he  t y p e  o f  c o n f u s i o n  
t h a t  a r i s e s ;  and
(3) i t  p r o v i d e s  i n f o r m a t i o n  abou t  t h e  c om par ison  s t r a t e g y  
e m p loy ed .
9 . 4 . 1  Method 
S t i m u 1 i
Th ree  s t i m u l u s  i tems were em p loyed .  Each i tem  c o n s i s t e d  o f  two 
p a t t e r n s ,  a r ranged  one be low  th e  o t h e r .  The upper  p a t t e r n  was com­
p r i s e d  o f  f i v e  l i n e s  w h ic h  were  g r e e n ,  r e d ,  b l u e ,  p u r p l e  and y e l l o w .  
The low e r  p a t t e r n  was i d e n t i c a l  t o  t h e  upper  p a t t e r n  e x c e p t  t h a t  i t s  
component l i n e s  were p i n k ,  brown,  b l a c k ,  aqua and o range  ( F i g u r e  9 - 7 ) • 
Of t h e  t h r e e  d i f f e r e n t  s t i m u l u s  p a t t e r n s ,  one was a c h a i n e d - c l o s e d  
f i g u r e ,  one a branched  f i g u r e  and one an embedded f i g u r e .  A l l  were 
i r r e g u l a r  p a t t e r n s .  As f a r  as p o s s i b l e  d i f f e r e n t  c o l o u r  p a i r i n g s  were 
employed f o r  the  s t i m u l u s  i t e m s .
Each f i g u r e  was c e n t r e d  in  a 6 "  x 4 "  (15 -2  x 10.2 cm) f rame and 
s t i m u l u s  p a i r s  were mounted on ca rd s  1" ( 2 . 5  cm) a p a r t .
P rocedu re
A s im p le  p a t t e r n  c o n s i s t i n g  o f  a h o r i z o n t a l  and a v e r t i c a l  l i n e  
(unconnec te d )  was employed f o r  t he  p r a c t i c e  i t e m .  T h i s  p a t t e r n  en ­
a b le d  the  re q u i r e m e n ts  o f  th e  t a s k  t o  be e x p l a i n e d ,  w h i l e  no t  t r a i n i n g  
the  s u b j e c t  in  the  pe r fo rm a n c e  o f  t h e  t a s k .  The s u b j e c t  was asked t o  
i n d i c a t e  w h ich  l i n e s  in  t h e  two p a t t e r n s  c o r r e s p o n d e d .
Figure 9_7- An item from the Components 
Correspondence test
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( " I f  I c o u ld  p i c k  up t h i s  p a t t e r n  and pu t  i t  on t he  to p  one ,  which 
c o l o u r e d  l i n e s  w ou ld  match up"  (d e m o n s t ra te d  w i t h  t he  a i d  o f  a t r a n s ­
pa renc y  o f  the  lo w e r  f i g u r e  w h ic h  c o u ld  be p i c k e d  up and p lac ed  ov e r  
t he  upper  f i g u r e ) ) .  F u r t h e r  e x p l a n a t i o n  was o f f e r e d  u n t i l  i t  seemed 
c l e a r  t h a t  th e  s u b j e c t  u n d e r s to o d  t h e  t a s k .  The t e s t  i tems were then 
p r e s e n t e d  in  an i n d i v i d u a l l y  randomized o r d e r .  I t  sh o u ld  be noted 
t h a t  t he  e x p r e s s i v e  a p h a s i c  s u b j e c t s  were p e r m i t t e d  t o  p o i n t  t o  c o r r e s ­
pond ing  l i n e s .  S inc e  th e s e  s u b j e c t s  e x p e r i e n c e d  no d i f f i c u l t y  w i t h  
th e  t a s k ,  i t  seems u n l i k e l y  t h a t  i n t r o d u c i n g  the  m o to r  component i n t o  
t h e  t a s k  hampered t h e i r  p e r f o r m a n c e .
9 - 4 . 2  R e s u l t s  
E r r o r s
Two ty pes  o f  e r r o r  were no ted  in  t he  p e r fo rm anc es  o f  t h e  s u b j e c t s .  
These were ( l )  o m i s s i o n  o f  a p a i r  o f  l i n e s  and (2) i n c o r r e c t  p a i r i n g  
o f  1 i n e s .
(1) Omission
F iv e  s u b j e c t s  o f  t h e  GCD g r o u p ,  one C o n t r o l  and no GCD s u b j e c t  
made e r r o r s  o f  o m i s s i o n .  S i g n i f i c a n t l y  more GCD than  GCD s u b j e c t s  
made a t  l e a s t  one e r r o r  (Fisher p < . 0 5 ) ,  a l t h o u g h  the  d i f f e r e n c e  
between th e  GCD and C o n t r o l  f a i l e d  t o  a t t a i n  s i g n i f i c a n c e  (Fisher p > 
. 0 5 ) .  The d i f f e r e n c e  between t h e  GCD and C o n t r o l  g roups  was not  
s i g n i f i c a n t  (Fisher p > . 0 5 ) .  The re  were te n  o m is s io n s  in  the GCD 
g r o u p .  Four o f  t h e s e  o m i s s i o n s  were o f  l i n e s  l o c a t e d  on the  s i d e  o f  
t h e  p a t t e r n  i p s i l a t e r a l  t o  th e  s u b j e c t ' s  l e s i o n ,  f i v e  were o f  l i n e s  
c o n t r a l a t e r a l  t o  t he  l e s i o n  and one c e n t r a l l y  l o c a t e d  l i n e  was o m i t t e d .
(2) Mismatch ( i n c o r r e c t  p a i r i n g  o f  l i n e s )
On ly  two s u b j e c t s  i n c o r r e c t l y  p a i r e d  l i n e s .  These were bo th  GCD 
p a t i e n t s  and b o t h  s u b j e c t s  i n c o r r e c t l y  p a i r e d  a d j a c e n t  l i n e s .
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St  r a t e g i es
As f o r  th e  V i s u a l  Scanning  t e s t ,  i t  i s  p o s s i b l e  t o  ob s e rv e  th e  
s c a n n in g  s t r a t e g i e s  employed by each o f  th e  g r o u p s ,  by exa m in in g  the  
o r d e r  in  wh ich  the  l i n e  p a i r s  were r e p o r t e d .  As in  t he  e a r l i e r  case ,  
t h e  a n a l y s i s  o f  th ese  s t r a t e g i e s  y i e l d e d  no s i g n i f i c a n t  d i f f e r e n c e s  
between the  GCD and GCD g r o u p s .
T a b le  9- ^ shows t h e  number o f  s u b j e c t s  in  each o f  t h e  C o n t r o l ,  
GCD and GCD groups  who were u n s y s t e m a t i c  in  s c a n n in g  any o f  the  
t h r e e  i t em s .
TABLE 3-k
Number o f  s u b j e c t s  in  each g roup  showing s y s t e m a t i c  
and u n s y s t e m a t i c  s c a n n in g  s t r a t e g i e s
Group
SCANNING STRATEGY
S y s t e m a t i c U n s y s t e m a t i c
C o n t r o l 10 8
GCD 8 5
GCD 5 9
The GCD group  showed a t r e n d  to w a rds  le s s  s y s t e m a t i c  s c a n n in g  than 
th e  o t h e r  g r o u p s .  However ,  t h e r e  was no s t a t i s t i c a l  a s s o c i a t i o n  
between s cann ing  s t r a t e g y  and Group ( x 2 (2) = 3 . 8 6 ,  p > . 03 ) .
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T a b le  S~5  shows th e  number o f  s u b j e c t s  in  each o f  the  C o n t r o l ,  
GCD and GCD groups  who s t a r t e d  sca n n in g  in  a p o s i t i o n  o t h e r  than  the  
top  l e f t - h a n d  s id e  on any o f  th e  t h r e e  i t e m s .
TABLE 9 -5
Number o f  s u b j e c t s  showing t o p - l e f t  and o t h e r  
than  a t o p - l e f t  s t a r t i n g  p o s i t i o n
Group
STARTING POSITION
T o p - l e f t Not c o n s i s t e n t  t o p - l e f t
C o n t ro l 6 8
GCD 6 9
GCD 1 13
The r e s u l t s  c o u ld  n o t  be a n a l y s e d  in  t h i s  fo rm  u s in g  a C h i - s q u a r e  t e s t  
s i n c e  more than  20% o f  t h e  e x p e c te d  c e l l  f r e q u e n c i e s  were le s s  than  f i v e .  
T h e r e f o r e ,  t he  two b ra in -dam ag ed  g roups  (GCD and GCD) were  combined.
A C h i - s q u a r e  t e s t  on t h i s  d a ta  showed no s i g n i f i c a n t  a s s o c i a t i o n  be­
tween b r a i n  damage and s t a r t i n g  p o i n t .  S ep a ra te  F i s h e r  t e s t s  com­
p a r i n g  C o n t r o l  and GCD, GCD and GCD, and C o n t r o l  and GCD g roups  d i d  
n o t  y i e l d  s i g n i f i c a n t  a s s o c i a t i o n s ,  a l t h o u g h  in  th e  l a t t e r  compar ison  
th e  t w o - t a i l e d  p r o b a b i l i t y  was l e s s  than  .1 0 .
I t  s hou ld  be no ted  a t  t h i s  p o i n t  t h a t  a l t h o u g h  o n l y  43% o f  
t h e  C o n t r o l  s u b j e c t s  a lw ays  s t a r t e d  a t  t h e  t o p - l e f t ,  o n l y  24% (1 0 /4 2 )  
o f  a l l  C o n t r o l  s t a r t i n g  responses  were in  f a c t  n o t  t o p - l e f t  and th ese
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were d i s t r i b u t e d  among s e v e r a l  s t a r t i n g  p o s i t i o n s .  By c o m p a r i s o n ,
40% o f  the  GCD group responses  were  n o t  t o p - l e f t  and 33% o f  the  GCD 
g roup  responses  were n o t  t o p - l e f t  (see T a b le  9 - 6 ) .  However ,  t h e r e  
was no s i g n i f i c a n t  d i f f e r e n c e  between s t a r t i n g  p o s i t i o n  f o r  th e  t h r e e  
g roups  ( x 2 = 4 . 3 0 2 ,  p > . 0 5 ) .
TABLE 9 -6
Frequency o f  l e f t - t o p  s t a r t i n g  p o s i t i o n  
responses  a c r o s s  a l l  i tems
G r o u p
S T A R T I N G P O S I T I O N
L e f t - t o p N o t  l e f t - t o p
C o n t r o l 32 10
GCD 26 13
GCD 23 19
No s i g n i f i c a n t  t r e n d s  were e v i d e n t  in  o t h e r  p a t t e r n s  o f  s cann ing  
( e . g .  c o n t i n u o u s  v e r s u s  b r o k e n ) .
9 . 4 . 3  D i s c u s s io n
As in  th e  p r e c e d in g  two t e s t s ,  th e  p r e d o m in a n t  e r r o r  made by 
t h e  GCD s u b j e c t s  was one o f  o m i s s i o n .  The GCD g roup  r a r e l y  con fu sed  
d i f f e r e n t  e lem en ts  o f  t h e  f i g u r e s ,  b u t  r a t h e r  o m i t t e d  t o  m en t ion  
c o r r e s p o n d i n g  e lem en ts  in  bo th  a r r a y s .  As f o r  t h e  V i s u a l  Scanning 
t e s t s ,  t h e r e  was no s t a t i s t i c a l  e v id e n c e  o f  g r e a t e r  i n c i d e n c e  o f
u n s y s t e m a t i c  s c a n n in g  in  th e  GCD g roup  o r  o f  a l t e r e d  s t a r t i n g  
s c ann ing  p o s i t i o n .
The o m is s i o n s  by t he  GCD s u b j e c t s  were n o t  p a r t i c u l a r l y  a s s o c i ­
a te d  w i t h  t h e  s i d e  o f  t h e  v i s u a l  f i e l d  c o n t r a l a t e r a l  t o  t h e  s u b j e c t ' s  
l e s i o n .  T h i s  p r o v i d e s  e v i d e n c e  o f  an a t t e n t i o n a l  d i f f i c u l t y  w h ic h  
a p p a r e n t l y  c anno t  be e x p l a i n e d  by u n i l a t e r a l  n e g l e c t .
The f i n d i n g  t h a t  th e  s u b j e c t s  a r e  u s u a l l y  a b l e  t o  i d e n t i f y  
c o r r e s p o n d i n g  p a r t s  o f  g e o m e t r i c a l  f i g u r e s  i s  o f  s i g n i f i c a n c e .  T h i s  
a b i l i t y  c o n s t i t u t e s  an i m p o r t a n t  component o f  d i s c r i m i n a t i o n / c o p y i n g  
w h ic h  i s  r e l a t i v e l y  i n t a c t  i n  the  GCD g r o u p .  However ,  i t  i s  p o s s i b l e  
t h a t  t h e  d i f f e r e n t  c o l o u r e d  l i n e s  in  each f i g u r e  a s s i s t e d  the  s u b j e c t s  
in  t h e  com pa r ison  t a s k ,  e i t h e r  by p r e a n a l y s i n g  the  f i g u r e s  i n t o  l i n e s  
o r  by s e r v i n g  as a m a rk e r  and t h e r e b y  a s s i s t i n g  the  s u b j e c t  in  r e c a l l ­
i ng  t h e  l a s t  i tem  named. Ev idence  t o  be r e p o r t e d  in  C hap te r  12 su g g e s ts  
t h a t  th e  f i r s t  p o s s i b i l i t y  i s  u n l i k e l y .  The second c anno t  be r u l e d  
o u t .
9 . 5  CONCLUSIONS
The most c o n s i s t e n t  r e s u l t  o f  t h e  t e s t s  d e s c r i b e d  in  t h i s  c h a p t e r  
i s  th e  tenden c y  f o r  t h e  GCD group t o  o m i t  components o f  a v i s u a l  
p a t t e r n .  Such o m is s i o n s  were n o t  d i r e c t l y  a s s o c i a t e d  w i t h  l a c k  o f  
system in  s c a n n in g  o r  u n i l a t e r a l  i n a t t e n t i o n .  They can be i n t e r p r e t e d  
as i n d i c a t i n g  a d e f e c t  o f  a t t e n t i o n .
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The d e f i c i t  o f  a t t e n t i o n  r e p o r t e d  in  C hap te r  8^ was concerned 
w i t h  prob lem s in s w i t c h i n g  a t t e n t i o n  between d i f f e r e n t  a t t r i b u t e s  o f  
a s i n g l e  o b j e c t .  The a t t e n t i o n a l  d e f i c i t  d e s c r i b e d  in  t h i s  c h a p t e r  
conce rns  a d i f f i c u l t y  in  d i r e c t i n g  a t t e n t i o n  in  space.  The conse­
quences o f  such a p rob lem  f o r  c o p y in g  m ig h t  be t h a t  th e  s u b j e c t  is  
l i k e l y  t o  o m i t  c e r t a i n  p a r t s  o f  the  model in  e x e c u t i n g  h i s  d r a w in g ,  
t h a t  he may f a i l  t o  p e r c e i v e  m ismatches  between h i s  c o n s t r u c t i o n  and 
th e  model and t h a t  he w i l l  e x p e r i e n c e  d i f f i c u l t y  in  p l a n n i n g  one 
p a r t  o f  h i s  d raw ing  w i t h  r e s p e c t  t o  o t h e r  s e c t i o n s  o f  t h e  d r a w in g .
The da ta  o f f e r  v e r y  l i t t l e  e v id e n c e  t h a t  t he  GCD g roup  s u f f e r s  
f r om  an u n s y s t e m a t i c  approach t o  s c a n n in g .  The GCD g roup  d i d  show a 
t r e n d  towards  le s s  s y s t e m a t i c  s c a n n in g  o f  th e  g e o m e t r i c a l  p a t t e r n s ,  
b u t  t h i s  was n o t  s i g n i f i c a n t .  Thus ,  t h e r e  i s  no e v id e n c e  t h a t  th e  
p l a n n i n g  as p e c ts  o f  p e r c e p t u a l  p r o c e s s i n g  have been a f f e c t e d .
I t  must be no ted  he re  t h a t  t h e  t e s t  o f  a t t e n t i o n  in  C hap te r  8 
i n v o l v e d  the  use o f  an a r r a y  o f  s t i m u l i .  In v i e w  o f  t h e  f i n d i n g s  
in  t h i s  c h a p t e r  t h e  i n t e r p r e t a t i o n  o f  t h e  f i n d i n g s  f o r  t h a t  
c h a p t e r  m ig h t  be q u e s t i o n e d .  The s u b j e c t s  may have made e r r o r s  
t h r o u g h  a f a i l u r e  t o  scan th e  com par ison  a r r a y  a d e q u a t e l y  r a t h e r  
than  a f a i l u r e  t o  a n a l y s e  a t t r i b u t e s  o f  a s i n g l e  s t i m u l u s .  
However ,  i f  th e  s u b j e c t  was u n a b le  t o  f i n d  a p r e c i s e  match 
(as e x p l i c i t l y  i n s t r u c t e d )  he sh o u ld  have s e t  t h e  s t i m u l u s  
a s i d e  r a t h e r  than  a s s i g n  i t  i n c o r r e c t l y .  N e v e r t h e l e s s ,  i t  
m ig h t  be a d v i s a b l e  t o  r e d e s ig n  th e  m u l t i p l e  a t t r i b u t e  a t t e n t i o n  
t a s k  in  a form t h a t  does n o t  i n v o l v e  an a r r a y  o f  s t i m u l i .
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CHAPTER 10
PLANNING AND GRAPHICAL COPYING DISABILITY
The a b i l i t y  t o  scan and c o o r d i n a t e  th e  components  o f  v i s u a l  
a r r a y s  in  an a p p r o p r i a t e  sequence i s  an e s s e n t i a l  component in the 
p l a n n i n g  o f  a d r a w i n g .  W h i l e  d i s o r d e r e d  sc a n n in g  s t r a t e g i e s  cou ld  
produce  poor  pe r fo rm a n c e  in  b o th  c o p y in g  and p e r c e p t u a l  d i s c r i m i n a t i o n ,  
th e  da ta  r e p o r t e d  in  t h e  p r e v i o u s  c h a p t e r  showed t h a t  scann ing  s t r a t ­
e g ie s  were s i m i l a r  f o r  GCD and GCD s u b j e c t s .  One m ig h t  c o n c lu d e  f rom 
t h i s  t h a t  poor  c o p y in g  pe r fo rm a n c e  i s  no t  due t o  p l a n n i n g  d i f f i c u l t i e s .  
However ,  t he  p l a n n i n g  o f  a d ra w in g  c l e a r l y  i n v o l v e s  s k i l l s  in  a d d i t i o n  
t o  v i s u a l  s c ann ing  (see C hap te r  1 ) .  I t  would t h e r e f o r e  seem a p p r o p r i ­
a t e  t o  c o n s i d e r  th e  r o l e  o f  p l a n n i n g  in c o p y in g  d i s a b i l i t y  f u r t h e r .
To t h i s  end,  a s p e c i a l  t e s t  o f  p l a n n i n g  (V e rba l  P la n n in g  t e s t )  was 
d e v is e d  and a d m i n i s t e r e d .  The p r e s e n t  c h a p t e r  d e s c r i b e s  t h i s  t e s t  
and i t s  f i n d i n g s .
10.1 VERBAL PLANNING TEST
The c l a i m  t h a t  c e r t a i n  c o n s t r u c t i o n a l  a p r a x i a s  r e s u l t  f rom poor  
p l a n n i n g  a b i l i t y  has been made r e p e a t e d l y  ( e . g .  L u r i a  & T s v e t k o v a ,  1964; 
W a r r i n g t o n ,  1969; Hdcaen & A s s a l , 1970) .  I t  has u s u a l l y  stemmed f rom 
an a n a l y s i s  o f  t h e  c o p y in g  p e r fo rm a n c e  i t s e l f ,  e i t h e r  i n v o l v i n g  a 
q u a l i t a t i v e  a n a l y s i s  o f  t h e  e r r o r s  made by th e  s u b j e c t s  o r  an a s s e s s ­
ment o f  t h e  e f f e c t  o f  an e x p e r i m e n t a l  m a n i p u l a t i o n  (such as add ing
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landmarks )  on the  adequacy o f  t he  c o p i e s .  The v a l i d i t y  o f  the  
c o n c l u s i o n  based on these  s t u d i e s  has a l r e a d y  been q u e s t i o n e d  in 
C hap te r  2 on the  grounds  t h a t  th e  r e s u l t s  do n o t  a l l o w  a c l e a r  d i s t i n c ­
t i o n  between p l a n n i n g  and p e r c e p t i o n  and m o to r  a b i l i t y .  The v e rb a l  
sequen c ing  t a s k  r e p o r t e d  in  t h i s  c h a p t e r  i s  a les s  ambiguous method 
o f  a s s e s s in g  p l a n n i n g  a b i l i t y .  I t  i s  u n l i k e l y  t h a t  f a i l u r e  on i t  can 
be a t t r i b u t e d  t o  a s p e c i f i c  p e r c e p t u a l  o r  m o to r  f a i l u r e .
T hree  i tems were employed in  th e  V e r b a l  P la n n i n g  t e s t .  Two 
o f  t h e s e  i tems were p l a n n i n g  t a s k s  w h i l e  t h e  t h i r d  was a c o n t r o l  i t em .
The two p l a n n i n g  t a s k s  each c o n s i s t e d  o f  a s e r i e s  o f  i n s t r u c t i o n s .  The 
s u b j e c t  was r e q u i r e d  t o  a r r a n g e  th e  i n s t r u c t i o n s  in  t he  o r d e r  necessa ry  
t o  a c h i e v e  a c e r t a i n  s p e c i f i e d  g o a l .  The t a s k s  were s i m i l a r  in  concep t  
t o  t he  P i c t u r e  Ar rangemen t  s u b t e s t  o f  t h e  W ec hs le r  A d u l t  I n t e l l i g e n c e  
S ca le  e x c e p t  t h a t  t h e  s t i m u l i  were  v e r b a l  i n s t r u c t i o n s  r a t h e r  than 
p i c t u r e s ,  t he  s u b j e c t  was t o l d  t h e  goal  r a t h e r  than  r e q u i r e d  t o  d e r i v e  
i t ,  and the  s t i m u l i  were a r ra n g e d  i n  a v e r t i c a l  r a t h e r  than a h o r i z o n t a l  
s e r i e s .  The c o n t r o l  t a s k  r e q u i r e d  th e  s u b j e c t  t o  o r d e r  a s e r i e s  o f  
numbers. S ince  i t  i n v o l v e d  th e  r e p r o d u c t i o n  o f  a s t e r e o t y p e d  sequence,  
i t  r e q u i r e d  l i t t l e  p l a n n i n g  and was d e s ig n e d  t o  assess w h e th e r  t he  sub ­
j e c t  possessed the  r e q u i s i t e  moto r  c o n t r o l  t o  m a n i p u l a t e  th e  s t i m u l u s  
c a r d s ,  and the  r e a d in g  a b i l i t y  t o  comprehend them ( a l s o  t e s t e d  in  t he  
NCCEA t e s t  o f  A p h a s ia ,  see C hap te r  12 ) .
10.1 .1 Method 
S t i m u l i
Each o f  t he  i tems c o n s i s t e d  o f  a s e r i e s  o f  i n s t r u c t i o n s .  There 
were s i x  i n s t r u c t i o n s  f o r  i tem  1 (Making a d r e s s ) ,  11 i n s t r u c t i o n s  f o r  
i tem  2 ( P a i n t i n g  a room) and 11 i n s t r u c t i o n s  f o r  i tem  3 (Number o r d e r i n g ,
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Control). The instructions for each of these items are listed in 
Table 10-1. Each instruction was printed in upper-case letters on an 
individual card measuring 1" x 10£" (2.5 x 26 cm).
Procedure
The Control test instruction cards (item 3) were arranged 
vertically one below the other on the table in front of the subject.
The order in which they were presented is shown in Table 10-1. The 
subject was told
"You can see there is a number spelled out on each of these 
cards but the numbers are in the wrong order. Would you 
arrange them in the right order for me? Put them in order 
from the smallest number to the biggest number."
Upon completion of the task the experimenter placed the item 1 cards
before the subject (in the order shown in Table 10—1) and said
"Good. Now here are some more cards out of order. These 
cards have instructions for making a dress but they are 
jumbled up. Can you put them in the right order for 
making a dress?"
Upon completion of item 1, the subject was shown item 2 and the instruc­
tions repeated except that the subject was told that the goal was to 
"paint a room."
10.1.2 Resu1ts
Error scores for each item were based on the occurrences of 
reversals of the correct order made by a subject. Most reversals 
were then allocated one error point, although some minor reversals 
were allocated half a point. (See Appendix H).
When the error scores for items 1 and 2 were combined it was 
found that six of the 11 GCD subjects tested, (5*+. 5%) but none of the 
12 GCD subjects tested (0%) performed worse than the worst Control 
subject. This difference between groups is significant (Fisher p < .02).
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TABLE 10-1
I n s t r u c t i o n s  and p r e s e n t a t i o n  o r d e r  f o r  each i tem
1 n s t r u c t i o n s P r e s e n t a t i o n  o r d e r
1 tem 1 -  Making a Dress
F ind  a d ress  p a t t e r n Thread up sewing machine
- Buy m a t e r i a l  and c o t t o n - Buy m a t e r i a l  and c o t t o n
- Cut o u t  d ress  p i e c e s  f rom - Sew m a t e r i a l  t o g e t h e r
m a t e r i a l - Get sewing mach ine f rom
- Get sewing machine f r om cupboard
cupboard - Cut o u t  d re s s  p ie c e s  f rom
- T h re a d -u p  sewing machine m a t e r i a l
— Sew m a t e r i a l  t o g e t h e r F ind  a d re s s  p a t t e r n
1 tem 2 -  P a i n t i n g  a Room
C l e a r  room o f  f u r n i t u r e _ L e t  t h e  p a i n t  d r y
- Cover  t h e  f l o o r  w i t h  paper - Open t i n  o f  p a i n t
- Get t i n  o f  p a i n t  f rom  shed - Put t h e  f u r n i t u r e  in  t he  room
- Open t i n  o f  p a i n t - Cover  th e  f l o o r  w i t h  paper
- S t i r  p a i n t - Dip b ru s h  in  t i n  o f  p a i n t
- Dip b rus h  in t i n  o f  p a i n t - Get t i n  o f  p a i n t  f r om  shed
- P a i n t  t h e  room - Wash th e  b rushes
- Wash th e  brushes - C le a r  room o f  f u r n i t u r e
- L e t  t h e  p a i n t  d r y - P a i n t  t he  room
- Remove the  pape r  f r om  th e f l o o r Remove th e  pape r  f rom th e  f l o o r
— Put  t h e  f u r n i t u r e  in  th e  room S t i r  p a i n t
1 tem 3 -  O r d e r i n g  Numbers ( C o n t r o l )
— One Four
- Two - Ten
- Th ree - E i g h t
- Four - Two
- F i v e - F i ve
- S i x - N i ne
- Seven - Th ree
- E i g h t - One
- N i ne - E1 even
- Ten - Seven
- El even - S i x
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S ince  the  w o r s t  C o n t r o l  s u b j e c t  was q u i t e  a l o t  worse  than the  
o t h e r  C o n t r o l  s u b j e c t s ,  t h i s  d i f f e r e n c e  was even more d r a m a t i c  when 
th e  sc o re  o f  t h e  w o r s t - b u t - o n e  s u b j e c t  was employed as a c u t - o f f .
N ine o f  t h e  11 GCD s u b j e c t s  ( 81 .8% ) ,  b u t  o n l y  one o f  the  12 GCD p a t i e n t s  
(8.3%) pe r fo rmed worse  than  the  s e c o n d - w o r s t  C o n t r o l  s u b j e c t .
In c o n t r a s t  t o  t h e  p l a n n i n g  t a s k s ,  o n l y  one e r r o r  was made in  
t h e  C o n t r o l  t a s k  ( i t e m  3 ) .  T h i s  was made by a GCD s u b j e c t  who rev e rs ed  
the  v i s u a l l y  s i m i l a r  s t i m u l i  " s e v e n "  and " e l e v e n " .  The re  was no 
s t a t i s t i c a l  d i f f e r e n c e  in  pe r fo rm a n c e  between g roups  on t h i s  c o n t r o l  
t a s k  {F is h e r  p > . 0 5 ) .
1 0 . 1 . 3  D is c u s s io n
I t  was found  t h a t  t h e  GCD g roup  was worse than  the  GCD group in 
se quenc ing  v e r b a l  i n s t r u c t i o n s .  On the  o t h e r  hand t h e r e  was no 
s i g n i f i c a n t  a s s o c i a t i o n  between c o n s t r u c t i o n a l  d e f i c i t  and pe r fo rm ance  
on a t a s k  wh ich  i n v o l v e d  o r d e r i n g  s t i m u l i  in  a w e l l - l e a r n t  sequence 
f o r  w h ic h  no c o g n i t i v e  p l a n n i n g  was r e q u i r e d  (Number o r d e r i n g ,  i tem 
3 ) .  Thus ,  the  poor  p e r fo rm a n c e  o f  t h e  GCD group on the  p l a n n i n g  t a s k  
c anno t  be e x p l a i n e d  in  te rms o f  e l e m e n t a r y  m o to r  p rob lems ( i t e m  3 ) .  
R a t h e r ,  i t  seems t h a t  t h e  g roup  has a s p e c i f i c  d i f f i c u l t y  in  o r d e r i n g  
o p e r a t i o n s  m e n t a l l y  t o  p roduce  a s p e c i f i e d  g o a l .
A l t h o u g h  the  GCD and GCD g roups  c o u l d  n o t  be d i f f e r e n t i a t e d  in 
te rms o f  the  s t r a t e g i e s  employed in  p e r c e p t u a l  sc a n n in g  t a s k s ,  th ey  do 
d i f f e r  in  t h e  p r e s e n t  v e r b a l  p l a n n i n g  t a s k .  Why do the  r e s u l t s  f o r  
th e  two ta s k s  d i f f e r ?  O b v i o u s l y ,  one i s  s p a t i a l  and th e  o t h e r  v e r b a l .  
Perhaps the  GCD s u b j e c t s  have a v e r b a l - s e q u e n c i n g  d e f i c i t  b u t  no 
s p a t i a  1- s e q u e n c in g  d e f i c i t .  T h i s  i s  u n l i k e l y  t o  be the  e x p l a n a t i o n ,  
s i n c e  the  co p y in g  t a s k  i s  s p a t i a l  and ( r e l a t i v e l y )  n o t  v e r b a l .
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The two t a s k s  a l s o  d i f f e r  in  a n o t h e r  way. Adequa te  s t r a t e g i e s  
f o r  s o l v i n g  the  p e r c e p t u a l  sca n n in g  t a s k s  in  the  p r e c e d in g  c h a p t e r  
i n v o l v e  s im p le  r u l e s  such as " p r o c e e d  in  a c l o c k w i s e  d i r e c t i o n " ,  w h ich  
c o u ld  be a p p l i e d  in  a r e l a t i v e l y  s t e r e o t y p e d  f a s h i o n  t o  new m a t e r i a l .  
By c o n t r a s t ,  t h e r e  a r e  no s im p l e  r u l e s  by w h ic h  the  p r e s e n t  p l a n n i n g  
t a s k s  can be s o l v e d .  I t  i s  p o s s i b l e  t h a t  t h e  GCD s u b j e c t s  s u f f e r  
p rob lems in  p l a n n i n g  f o r  s i t u a t i o n s  where no s i m p l e  r u l e  i s  a p p r o p r i ­
a t e .  Drawing e x e m p l i f i e s  such a s i t u a t i o n .
S u p e r f i c i a l l y ,  t he  d r a w in g  t a s k  i s  v e r y  d i f f e r e n t  f rom the  
s i t u a t i o n s  d e s c r i b e d  in  th e  V e rba l  P l a n n i n g  t e s t .  In p a r t i c u l a r ,  t he  
s equenc ing  o f  a c t i o n s  in  th e  l a t t e r  a r e  f i x e d .  The " c o r r e c t "  sequence 
i s  demanded by t h e  s t r u c t u r e  o f  t h e  s i t u a t i o n .  T h i s  i s  n o t  so in  
d r a w i n g s .  In p r i n c i p l e ,  t h e  l i n e  e le m e n ts  c o m p r i s i n g  a d raw ing  c o u ld  
be s e t  down in  any o r d e r  and t h e r e  is  no c o r r e c t  sequence.  However ,  
some sequences are  more l i k e l y  t o  p roduce  an adequa te  d ra w in g  than  
o t h e r s .  For  exam ple,  a p p r o p r i a t e  s e l e c t i o n  o f  t h e  i n i t i a l  s t r o k e s  can 
be used t o  s e t  th e  " s c a l e "  f o r  l a t e r  s t r o k e s  and t o  p r o v i d e  ancho rs  
f o r  t h e i r  a c c u r a t e  p la c e m e n t .  The p ro c e s s  o f  s e l e c t i n g  an o p t i m a l  
sequence o f  s t r o k e s  can be ex p e c te d  t o  have much in  common w i t h  the  
demands o f  c o r r e c t l y  sequen c ing  th e  a c t i o n s  d e s c r i b e d  in  t h e  Verba l  
P la n n in g  t e s t .
213
CHAPTER 11
SEQUENCING OF ACTIONS IN GRAPHICAL COPYING
In h i s  monograph on t h e  p a r i e t a l  l o b e s ,  C r i t c h l e y  (1953)
a d v i s e s  t h a t  in  the  c l i n i c a l  e x a m i n a t i o n  o f  c o n s t r u c t i o n a l  a p r a x i a
" I t  i s  e s s e n t i a l  f o r  t he  ex am ine r  t o  o b s e rv e  the  p a t i e n t  
c l o s e l y ,  t o  n o te  t h e  method o f  g o in g  abou t  t h e  t a s k ,  and 
t o  rec o rd  any comments and e m o t io n a l  d i s p l a y ,  as w e l l  as 
e v e ry  h e s i t a n c y ,  i n d e c i s i o n ,  change o f  mind and t y p e  o f  
e r r o r .  The p a t i e n t s  f i n a l  d e s ig n  as he o f f e r s  i t  a t  t h e  
end o f  t he  a l l o t t e d  t im e  may appear  good enough,  b u t  a 
r e c o rd  o f  h i s  manner o f  c a r r y i n g  o u t  t h e  t e s t  may be an 
e l o q u e n t  t e s t i m o n y  o f  abnormal  p e r f o r m a n c e "  (p .  17*0-
T h i s  approach  may w e l l . n o w  be s ta n d a r d  p r a c t i c e  in  t h e  c l i n i c a l  
n e u r o p s y c h o l o g i c a l  assessment  o f  the  i n d i v i d u a l  p a t i e n t .  However , a 
c o n s i d e r a t i o n  o f  th e  l i t e r a t u r e  rev iew ed  in  C hap te r  2 ,  shows q u i t e  
c l e a r l y  t h a t  r e s e a r c h  i n v e s t i g a t i o n  o f  c o n s t r u c t i o n a l  d i s a b i l i t y  has 
r e v o l v e d  p r e d o m i n a n t l y  around  t h e  a n a l y s i s  o f  th e  a c c u r a c y  o f  the end 
p r o d u c t  o f  th e  c o n s t r u c t i o n a l  p r o c e s s .
I t  w i l l  be r e c a l l e d  f rom  C h a p te r  *4 t h a t  s u b j e c t s  drew each o f  
t h e  Copying t e s t  i tems on a s p e c i a l  g r a p h i c s  t a b l e t  system. By t h i s  
means d i g i t a l  t r a c e s  o f  t h e  s u b j e c t ' s  d ra w in g  a c t i o n s  were r e c o r d e d .  
Chap te rs  11 and 12 w i l l  o f f e r  a p r e l i m i n a r y  a n a l y s i s  o f  th e s e  d a t a .  
They p r o v i d e  i n f o r m a t i o n  abou t  two a s p e c t s  o f  th e  tem pora l  c h a r a c t e r ­
i s t i c s  o f  co p y in g  b e h a v i o u r ,  namely  (1)  th e  s equen c ing  o f  a c t i o n s  and 
(2) t h e i r  t i m i n g .  The p r e s e n t  c h a p t e r  i s  concerned  w i t h  documen t ing 
and compar ing  th e  s equen c ing  o f  a c t i o n s  in  th e  C o n t r o l ,  GCD and GCD 
g ro u p s .  W h i le  most o f  t h e  a n a l y s e s  were concerned  w i t h  sequencing
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in  c o p y i n g ,  sequenc ing  was a l s o  i n v e s t i g a t e d  u s in g  a s p e c i a l  T r a c i n g  
t a s k  w h ic h  w i l l  be d e s c r i b e d  in t he  f i n a l  s e c t i o n s  o f  t he  c h a p t e r .
11.1 SEQUENCING IN COPYING
11.1 .1  S t u d ie s  o f  b ra in -dam ag ed  s u b j e c t s
Perhaps the  f i r s t  c a r e f u l l y  documented a n a l y s i s  o f  t he  sequenc ing  
o f  c o p y in g  b e h a v io u r  f o l l o w i n g  b r a i n  damage was p r o v i d e d  by O s t e r r i e t h  
( 1 9 ^ 4 ) .  He documented sequences in  c o p y in g  th e  Complex f i g u r e  o f  Rey 
(see F i g u r e  b-2)  and found  t h a t  th e  d i s t r i b u t i o n  o f  sequence t ypes  f o r  
b ra in -dam aged  s u b j e c t s  d i f f e r e d  f rom t h a t  o f  C o n t r o l s .  U n f o r t u n a t e l y ,  
however ,  O s t e r r i e t h ' s  w o rk  has made l i t t l e  impac t  on m a ins t ream  re s e a rc h  
i n t o  c o n s t r u c t i o n a l  a p r a x i a .
A more r e c e n t  s tud> o f  sequen c ing  in  c o p y in g  was r e p o r t e d  by 
Semenza, Denes, D 'U r s o ,  Romano and M o n to r s i  ( 1 9 7 8 ) .  They found t h a t  
a p h a s i c  p a t i e n t s  tended  t o  proceed in  an " a n a l y t i c a l "  f a s h i o n ,  p r o g r e s ­
s i n g  f rom d e t a i l  t o  d e t a i l  r a t h e r  than  in  t he  " g l o b a l "  f a s h i o n  ( o u t ­
l i n i n g  th e  s t r u c t u r e  o f  t h e  f i g u r e  f i r s t )  most commonly seen in  normal  
and n o n - a p h a s i c  b ra in -dam ag ed  s u b j e c t s .  W a r r i n g t o n ,  James and 
K ins bou rn e  (1986)  a l s o  r e p o r t e d  t h a t  l e f t - h e m i s p h e r e  p a t i e n t s  made 
le s s  use o f  " i n t e r n a l  s t r u c t u r e "  in  c o p y i n g ,  t e n d i n g  t o  draw l i n e s  in 
" h aphaz a rd  sequence,  even i f  t he  end r e s u l t s  were near  enough c o r r e c t "  
(p .  7 9 ) .  S i g n i f i c a n t l y ,  t h e y  found  no d i f f e r e n c e  between the  
d r a w i n g - d i s a b l e d  and n o n - d r a w i n g - d i s a b l e d  g roups  in  th e  tendency t o  
use th e  i n t e r n a l  s t r u c t u r e  o f  a f i g u r e  t o  c o n s t r u c t  t h e  d e s i g n .
O th e r  a u t h o r s  have commented t h a t  some p a t i e n t s  show abnormal  
sequenc ing  b e h a v i o u r .  However ,  in  t he  absence o f  o b j e c t i v e  c r i t e r i a  
f o r  c l a s s i f i c a t i o n  o f  t h e  sequences ,  o r  e v id e n c e  t h a t  t h e  i n v e s t i g a t o r s
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s y s t e m a t i c a l l y  documented and compared sequenc ing  b e h a v i o u r  in 
no rma ls  and p a t i e n t s ,  i t  seems most l i k e l y  t h a t  t h e s e  r e p o r t s  were 
based on no more than c l i n i c a l  i m p r e s s i o n .
1 1 . 1 . 2  S t u d ie s  o f  normal  s u b j e c t s
In c o n t r a s t  t o  t he  w ork  w i t h  b ra in -dam ag ed  s u b j e c t s ,  s e q u e n t i a l  
p a t t e r n i n g  in d ra w in g s  by normal  c h i l d r e n  and a d u l t s  has aroused  th e  
i n t e r e s t  o f  a number o f  i n v e s t i g a t o r s  ( e . g .  G e s e l l  & Ames, 1946; 
l l g  & Ames, 1964; Goodnow & L e v i n e ,  1973; Goodnow, 1977; van Sommers, 
1974; N i n i o  & L i e b l i c h  (1 9 7 6 ) .
These a u t h o r s  have o bs e rv ed  a number o f  r e g u l a r i t i e s  in  sequen­
c i n g  in  c o p y in g .  S p e c i f i c a l l y ,  Goodnow and L e v in e  (1973)  have r e p o r ­
te d  t h a t  a d u l t s  tend  t o  commence t h e i r  copy a t  t h e  top  o f  a f i g u r e  
o r  a t  the  l e f t  o f  a f i g u r e .  They tend t o  p r o g r e s s  f rom l e f t  t o  r i g h t  
when copy ing  h o r i z o n t a l  l i n e s  and f r om  top  t o  b o t to m  when cop y in g  
v e r t i c a l  l i n e s .  The a u t h o r s  found  t h a t  t he  te nden cy  t o  " t h r e a d "
( t h a t  i s ,  t o  draw w i t h  a c o n t i n u o u s  l i n e )  w h ic h  i s  seen in  young 
c h i l d r e n  i s  r e l a t i v e l y  weak in  a d u l t s .  Where the  d i r e c t i o n a l  p r e f e r e n ­
ces would c o n f l i c t  w i t h  t h r e a d i n g  s t r a t e g y ,  t h e  fo r m e r  tend  t o  p r e ­
dom ina te  in a d u l t s .
Goodnow and L e v in e  (1973)  a s s e r t  t h a t  th e s e  sm a l l  number o f  
s t a r t i n g  and p r o g r e s s i o n  r u l e s  ac c o u n t  f o r  most o f  t h e  s e q u e n t i a l  
c h a r a c t e r i s t i c s  o f  normal  g r a p h i c a l  b e h a v i o u r .  However ,  o t h e r  a u t h o r s  
have p o in t e d  t o  t he  e x i s t e n c e  o f  a number o f  c o n s t r a i n t s  w h ic h  cause 
the  usual  d i r e c t i o n a l  p r o g r e s s i o n  r u l e s  t o  be abandoned in  some c i r c u m ­
s tanc es  ( N i n i o  & L i e b l i c h ,  1976; van Sommers, 1974) .  Van Sommers (1974) 
s ugges ts  t h a t  an a d u l t  s u b j e c t  w i l l  a v o i d  commencing a l i n e  in an 
empty r e g i o n .  He w i l l  ad o p t  a s t r o k e  d i r e c t i o n  o t h e r  than  h i s
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p r e f e r r e d  one in  o r d e r  t o  anchor  h i s  l i n e  a t  a l i n e  o r  p o i n t  
( t h i s  i s  d e s c r i b e d  as an " a n c h o r i n g  c o n s t r a i n t " ) .  He w i l l  a l s o  
tend  t o  copy s p a t i a l l y  s e p a r a t e ,  b u t  s i m i l a r  e lem en ts  t o g e t h e r  (a 
"h o m o g e n e i t y  and h e t e r o g e n e i t y  o f  e lem en ts  c o n s t r a i n t " ) .  F i n a l l y ,  
th e  components o f  a f i g u r e  a r e  drawn in  an o r d e r  w h ic h  ensures  t h a t  
t he  e s s e n t i a l  c h a r a c t e r i s t i c s  o f  the  f i g u r e  a re  p r e s e r v e d  (an 
" a s y m m e t r i c a l  c o n f o r m i t y  c o n s t r a i n t " ) .  T h i s  may r e q u i r e  t he  r e v e r s a l  
o f  the  p r e f e r r e d  d i r e c t i o n  o f  p r o g r e s s i o n .
1 1 . 1 . 3  The p r e s e n t  s t u d y
I t  was the  a im o f  t h e  p r e s e n t  a n a l y s i s  to  i n v e s t i g a t e  t he  
se quenc ing  c h a r a c t e r i s t i c s  o f  c o p y in g  in  the  C o n t r o l  and b ra in-damaged  
g ro u p s .  The e x i s t i n g  l i t e r a t u r e  on c o p y in g  b e h a v i o u r  does n o t  enab le  
a p r e d i c t i o n  o f  the  most l i k e l y  l i n e - s e q u e n c e  f o r  most o f  the  
m u l t i p i e - 1 ine  shapes used in  t h i s  s t u d y .  T h e r e f o r e  two approaches 
t o  a n a l y s i n g  l i n e  sequences were a d o p te d .  Each was a p p l i e d  t o  a 
d i f f e r e n t  subs e t  o f  t he  des ig n s  f rom the  Copying t e s t  (C hap te r  4 ) .
The f i r s t  i n v o l v e d  c l a s s i f i c a t i o n  o f  s t a r t i n g  p o i n t  and d i r e c t i o n ,  
u s in g  the  Goodnow and L e v in e  (1973)  r u l e s .  For each d ra w in g  a n a l y s e d ,  
t he  s t a r t i n g  p o i n t  ( l e f t  and to p )  d i r e c t i o n  o f  p r o g r e s s i o n  ( l e f t  t o  
r i g h t ,  t op  t o  b o t t o m ) ,  and o c c u r r e n c e  o r  n o t  o f  " t h r e a d i n g "  were 
r e c o r d e d .  T h is  a n a l y s i s  was a p p l i e d  t o  a r e p r e s e n t a t i v e  sample o f  
t w o - l i n e  f a m i l i a r  g e o m e t r i c a l  and 3D d e s i g n s .
The second approach  was des igne d  t o  examine " n o n - d i r e c t i o n a 1" 
s t r a t e g i e s .  T h i s  was a p p l i e d  t o  a l l  " c o m p le x "  M u l t i p i e - 1 i n e  f i g u r e s  
f o r  w h ic h  a common ( n o n - d i r e c t i o n a 1) s t r a t e g y  c o u l d  be i d e n t i f i e d  in 
any one o f  the  Normal ,  GCD o r  GCD g ro u p s .  The f r e q u e n c y  o f  use o f  
each s t r a t e g y  was compared a c ro s s  the  t h r e e  g ro u p s .
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The purpose  o f  th ese  a n a l y s e s  were t w o f o l d .  F i r s t ,  i t  was 
a n t i c i p a t e d  t h a t  a com par ison  o f  d i f f e r e n t  sequenc ing  s t r a t e g i e s  in 
t h e  groups m ig h t  p r o v i d e  f u r t h e r  i n s i g h t  i n t o  the  n a t u r e  o f  the  
c o p y in g  prob lems o f  the  GCD g r o u p .  S e c o n d l y ,  i t  was in te n d e d  to  
d e t e r m in e  i f  t he  p a t i e n t s  who were o s t e n s i b l y  w i t h o u t  c o p y in g  d i s ­
a b i l i t y ,  n e v e r t h e l e s s  showed abnormal  c o p y in g  b e h a v i o u r  when the  
manner r a t h e r  than t h e  end p r o d u c t  o f  th e  c o p y in g  a c t i v i t y  was 
a n a l y s e d .  (The rea d e r  i s  reminded o f  t h e  q u o t a t i o n  f rom C r i t c h l e y  
(1953)  w h ich  appears  a t  t h e  b e g i n n i n g  o f  t h i s  c h a p t e r ) .
11.2 GRAPHICS RECORDING SYSTEM
Each s u b j e c t ' s  pe r fo rm a n c e  was re c o rd e d  as he co p ie d  th e  f i f t y  
C o p y i n g - t e s t  i tems (see C hap te r  A ) .  The d ra w in g s  were reco rded  by 
l a y i n g  the  Copying  sh e e t  on a m o d i f i e d  Summagraphics B i t  Pad. T h i s  
d e v i c e  had a f l a t  d r a w : ng s u r f a c e  ( t h e  t a b l e t )  and bo th  a pen and a 
c u r s o r  d e v i c e .  I n t e r n a l  senso rs  were c a p a b le  o f  r e c o r d i n g  the  p o s i t i o n  
o f  e i t h e r  th e  pen o r  t h e  c u r s o r  t o  a r e s o l u t i o n  o f  0 . 0 0 5 "  (0 .1  mm). 
D ep ress ion  o f  the  pen c l o s e d  a m i c r o s w i t c h .  The sys tem was m o d i f i e d  
so t h a t  when t h i s  s w i t c h  was n o t  c l o s e d ,  t he  l o c a t i o n  o f  t he  c u r s o r  
was r e c o rd e d .  The c u r s o r  was p la c e d  on th e  g r a p h i c s  t a b l e t  a t  a 
l o c a t i o n  o u t s i d e  the  s t i m u l u s  f i e l d .  O ccu r rence  o f  t h i s  l o c a t i o n  in  
t h e  d i g i t a l  r e c o r d  p r o v i d e d  an e x p l i c i t  r e c o r d  o f  t im e s  when the pen 
was r a i s e d  f rom the  p a p e r .
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Sampl ing f rom th e  t a b l e t  was c o n t r o l l e d  by a C o n t r o l l e r  w h ic h  
c o n v e r t e d  th e  b i n a r y  da ta  f r om  the  t a b l e t  i n t o  a s e r i e s  o f  ASCII 
c h a r a c t e r s  w h ic h  were t r a n s m i t t e d  ov e r  an R S 2 3 2 - l i n e  t o  a T e l e d a t a  
Model 2020 f l o p p y  d i s k  d r i v e .  The p o s i t i o n  o f  t h e  p e n / c u r s o r  was 
sampled a t  a r a t e  o f  a p p r o x i m a t e l y  12 c o o r d i n a t e s  pe r  second^ .  An 
e x p e r i m e n t e r - c o n t r o l l e d  s w i t c h  was used t o  s t o p  and s t a r t  s a m p l i n g .
The system i s  i l l u s t r a t e d  in  F i g u r e  11 -1 .
Upon c o m p l e t i o n  o f  t e s t i n g  a t  th e  H o s p i t a l ,  t he  f l o p p y  d i s k s  
were  t r a n s p o r t e d  t o  th e  U n i v e r s i t y  and th e  i n f o r m a t i o n  on them t r a n s ­
f e r r e d  t o  a PDP-8 compute r  and recoded f o r  a n a l y s i s .  The reco rded  
c o o r d i n a t e s  f o r  a g i v e n  d ra w in g  were d i s p l a y e d  as p o i n t s  on the  
sc reen  o f  a T e k t r o n i x  4006 G ra p h ic s  T e r m in a l  s c reen  so t h a t  the re c o r d  
c o u ld  be rev iewed  a t  l e i s u r e .  D u r i n g  a n a l y s i s  t h e  " c u r r e n t  p o i n t "  
was i n d i c a t e d  by p o s i t i o n i n g  th e  sc reen  c u r s o r  a t  t h e  c o o r d i n a t e s  
o f  t h a t  p o i n t .  The a n a l y s i s  o f  l i n e  sequenc ing  was c a r r i e d  o u t  manu­
a l l y  by t he  e x p e r i m e n t e r ,  u s in g  an i n t e r a c t i v e  program w h ic h  enab le d  
t h e  c u r s o r  t o  be moved backwards and f o r w a r d s  t h r o u g h  the  g r a p h i c s  
r e c o r d .  O th e r  f a c i l i t i e s  o f  t h e  program w i l l  be d e s c r i b e d  in C hap te r  
12.
T h i s  r a t e  was w e l l  be low th e  64 sample pe r  second c a p a b i l i t y  o f  
t h e  t a b l e t  bu t  was th e  maximum p o s s i b l e  w i t h o u t  d a ta  lo s s  t h r o u g h  
b u f f e r  o v e r f l o w  on the  f l o p p y  d i s k  d r i v e .
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F i g u r e  1 1 - 1 .  G r a p h i c s  r e c o r d i n g  sys tem .
(1)  G r a p h i c s  t a b l e t
(2)  C u rs o r
(3)  F lo p p y  d i s k  d r i v e
(4)  O n / o f f  s w i t c h
(5)  C o n t r o l  1 e r
(6)  Power box
(7)  C u r s o r / p e n  s e l e c t i o n  l o g i c
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11.3 RESULTS
Analyses  of  d i r e c t i o n a l  and n o n - d i r e c t i o n a l  sequencing 
s t r a t e g i e s  wi l l  be cons i de r e d  in t u r n .  I t  must be noted here t h a t  
some r ecords  could not  be ana l ysed  due to  t e c h n i c a l  problems with 
the  equipment  a t  the  t ime o f  sampl ing .  However,  the  small  data loss  
involved is u n l i k e l y  to  have r e s u l t e d  in any s i g n i f i c a n t  a l t e r a t i o n  
of  t he  f i n a l  r e s u l t s .
11.3-1 D i r ec t i o n a l  c h a r a c t e r i s t i c s  o f  sequence
A sample o f  s i n g l e  and m u l t i p l e  l i ne  f i gu r e s^  was examined for  
group d i f f e r e n c e s  in the use of  Goodnow and L e v i ne ' s  (1973) p r og r e s ­
s ion  r u l e s .
S in g le  lin e s
Figure  11-2 d e p i c t s  the  pe r ce n t age  of  s u b j e c t s  us ing p a r t i c u l a r  
d i r e c t i o n a l  r u l e s  in copying s i n g l e  l i n e s .  I t  can be seen t h a t  the 
d i r e c t i o n a l  c h a r a c t e r i s t i c s  o f  copying a r e  s i m i l a r  f o r  each of  t he  
t h r e e  c r i t e r i o n  groups .  All s u b j e c t s ,  r e g a r d l e s s  o f  group,  adopted 
a l e f t  to r i g h t  d i r e c t i o n  when copying a h o r i z o n t a l  l i n e  and a top 
t o  bot tom o r d e r  when copying a v e r t i c a l  l i n e .  All  s u b j e c t s  copied 
the  135° o b l i qu e s  from l e f t - t o p  to r i g h t - b o t t o m .  There was 
l e s s  c o ns i s t e n c y  w i t h i n  and between the s u b j e c t s  in copying the A5° 
o b l i q u e s .  However F i s he r  p r o b a b i l i t y  t e s t s  f a i l e d  t o  y i e l d  any
All r e f e r en c e s  t o  des ign  numbers in t h i s  and the fo l l owi ng  c h a p t e r  
r e f e r  to d es i g n s  from the  Copying Tes t  as  enumerated in Figure A-6.
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I J  C=Con tro l  
: £ & : -=GCD 
+=GCD
( N o . 31) ( N o . 36)
( i )  R u l e : Proceed l e f t  t o  r i g h t ( i i )  R u l e : Proceed to p  t o  bo t tom
( i i i ) Ru 1e : Proceed l e f t  t o p  t o  r i g h t  bo t tom
£ _ ( N o^32)
( i v ) R u l e : Proceed r i g h t  t o p  t o  l e f t  bo t t om
F ig u r e  11-2.  Pe rcen tag e  o f  s u b j e c t s  f r om  each Group 
o b s e r v i n g  common p r o g r e s s i o n  r u l e s  in 
s i n g l e - l i n e  c o p y i n g .
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statistically significant differences between groups for any item.
(it should be noted here that Fisher tests have been conducted in 
this and the following sections since the data does not generally 
satisfy the requirements for Chi-square tests that at least 80% of 
the expected frequencies should exceed 5.)
"Complex" multiple-line figures (n > 2)
For each of the selected double-line, simple familiar and 3D 
items, a computation was made of the percentage of subjects adopting 
the following five rules (after Goodnow S Levine, 1973):
(1) start at the left most point;
(2) start at the topmost point;
(3) copy all horizontal lines from left to right;
(4) copy all vertical lines from top to bottom;
(5) thread (draw with a continuous line)^.
Although the drawings surveyed for this analysis were sometimes in­
accurate, they were usually recognizable. However, some copies of 
the 3D items were markedly distorted. Since exclusion of these items 
might have introduced a bias (by eliminating the very designs which 
were the subject of the investigation), the results were computed 
twice for the 3D items. In the first analysis, all 3D copies were 
surveyed. In the second, copies showing major distortions such that 
they were no longer recognizable, were excluded.
Any line which departed from the same point as the end of the 
preceding line was defined as a "continuous" single line for the 
present purposes. (An alternative definition would have required 
that the pen not be lifted between lines).
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Figine 11-3 shows the average (over drawings) percentage of 
subjects in each group following each of the rules for each of the 
three item-types. The figure also shows the results of Fisher prob­
ability tests, conducted for each stimulus item separately (adjacent 
to the relevant graph). Since threading was rare for the 3D designs 
the rule has been excluded from Figure 11 — 3- A separate analysis 
of this strategy is presented below.
These analyses provide no reliable evidence of differences in 
sequencing behaviour between the three groups. It can be seen that 
there are few designs for which statistically significant differences 
in the use of a given rule by the three groups were detected. Given 
the large number of tests conducted (= 2^3) it would be unjustified 
to place any reliance on these scattered results. The two analyses of 
the 3D items yielded equivalent results.
3D Figures
The left starting and top starting rules were rarely used for 
the 3D figures. Instead, it seemed that subjects proceeded in a 
"face-by-face" (rather than line-by-line) manner. The data for the 
3D figures were therefore reanalysed^.
An analysis of those copies of the 3D items for which subjects 
proceeded face-by-face, showed that most subjects from all groups 
commenced their copy at either the top or left face of the items 
(Table 11-1). Again, there was no significant difference between 
groups for any of the 3D items in this respect (Fisher p > .05).
Of course, little significance can be placed on inter-item differ­
ences in rules since the expected probabilities associated with 
behaviours differ between items as a function of the number of 
available choices as well as the presence of conflict between the 
rules.
2 2 k
F i g u r e  11 - 3 .  A. Pe rc e n ta g e  o f  s u b j e c t s  in  each
g roup  o b s e r v i n g  Goodnow and 
L e v i n e 1s (1973)  r u l e s  f o r  
( i )  d o u b l e - l i n e  d e s i g n s  
( i i )  f a m i l i a r  g e o m e t r i c  d e s ig n s  
( i i i ) 3D d e s igns
( i v )  3D d e s i g n s  w i t h  u n r e c o g n i z ­
a b l e  c o p i e s  e x c l u d e d .
C o n t r o l  GCD GCD
■
m
B. Summary o f  t h e  r e s u l t s  o f  F i s h e r  
p r o b a b i l i t y  c o m p a r i s o n s  between 
Group p a i r s  f o r  each d e s ig n  and 
each r u l e .
C Cont r o l
-  GCD 
+ GCD
NS No s i g n i f i c a n t  d i f f e r e n c e s  
between any Group p a i r s .
*  p <  . 05 f o r  s p e c i f i e d  c o m p a r i s o n .  
Rem ain ing  u n s p e c i f i e d  c om pa r i s ons  
n o t  s i g n i f i c a n t .
* *  p < . 0 1  f o r  s p e c i f i e d  c o m p a r i s o n .  
Remain ing  u n s p e c i f i e d  c om pa r i s ons  
n o t  s i g n i f i c a n t .
—  Rule n o t  r e l e v a n t .
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(A) (B)
( i )  D O U B L E - L I N E  DE S I GN S
RULE
DES I GN
100
80
6 0
4 0
20
0
( i i )  F A M I L I A R - G E O M E T R I C  DES I GNS
RULE
DES I GN 1 • 2  . 3 . 4  . 5
D NS NS NS NS NS
n  A NS NS NS —  NS
n  V NS NS NS —  NS
#'♦ 0 NS NS —  —  NS
100
80
6 0
4 0
20
0
( i i i )  3 - D  D E S I G NS
RULE
loop 
8 o  -
( i v )  3 - D  DES I GNS
( U NR EC OG N I Z A BL E  C O P I E S  EXCL UDED)
D ES I G N i . 2 .
RULE 
3 . 4
# 2 5 & NS NS NS NS
ne CÖ NS NS NS NS
# 2 2 NS + < C NS —
nk NS NS NS —
# 2 3 c < - ; ;+ < - NS NS —
DE S I GN 1 . 2  . 3 • 4
ns & NS NS NS NS
# 2 6 NS NS NS NS
# 2 2 NS
*
+ < C NS —
# 2 4 NS NS NS —
ns &
*
c < - NS NS —
2 3
RULE
4
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I t  was no ted  above t h a t  p e r f e c t  t h r e a d i n g  s t r a t e g i e s  were r a r e l y  
seen in  the  3D i t e m s .  In o r d e r  t o  i n v e s t i g a t e  t h r e a d i n g  b e h a v i o u r  in  
th e s e  f i g u r e s ,  an index  o f  t h r e a d i n g  was c a l c u l a t e d  f o r  each s u b j e c t  
on each o f  the d e s i g n s .  The t h r e a d i n g  in dex  was d e f i n e d  as th e
TABLE 11-1
P e rcen tag e  o f  s u b j e c t s  showing a l e f t -  o r  
t o p -  f a c e  s t a r t i n g  p o s i t i o n  f o r  3D d e s ig n s
C o n t r o l 80%
GCD 88%
GCD lb%
A l l  d ra w in g s  w i t h  more than  one r e c o g n i z a b l e  fa c e  were 
i n c o r p o r a t e d  i n t o  t h e  a n a l y s i s .
p r o p o r t i o n  o f  c o n t i n u o u s l y  drawn l i n e s  t o  th e  t o t a l  number o f  l i n e s  
in t h e  copy o f  a d e s i g n .  A combined t h r e a d i n g  in d e x  was c a l c u l a t e d  
by s t a n d a r d i z i n g  each i n d i v i d u a l  i ndex  w i t h  r e s p e c t  t o  t he  C o n t r o l  
g roup  p e r fo rm anc e  f o r  the  d e s i g n ,  a v e r a g i n g  t h e s e  s ta n d a r d  (z)  sco res  
a c r o s s  t h e  f i v e  3D d e s ig n s  and r e s t a n d a r d i z i n g  the  r e s u l t a n t  s c o r e s .  
The z c o n v e r s i o n  was adop te d  because (as m en t ioned  e a r l i e r )  th e  
da ta  was n o t  c o m p le te  f o r  e v e r y  s u b j e c t .  Mean t h r e a d i n g  s c o re s  f o r  
each g roup  a re  summar ized in  T a b le  11 -2 .  A n a l y s i s  o f  v a r i a n c e  o f  th e  
mean s ta n d a r d  t h r e a d i n g  i n d i c e s  showed no s i g n i f i c a n t  d i f f e r e n c e  
between t h e  g roups  in  t h r e a d i n g  (F (2 ,  37) = 2 . 32 , p > . 0 5 ) .
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In summary, the data provide no evidence of differences between 
the groups in the use of simple directional sequencing strategies.
Table 11-2
Threading indices (standardized) for 3D
i terns
n Mean S.D.
Control 13 0.00 1.04
GCD 13 0.56 1.66
GCD 14 1.11 1 .26
11.3.2 Non-directiona1 strategies
The previous analyses were concerned with directional rules of 
progression. In this section, non-directiona1 strategies were 
investigated. Those "complex" mu 11ipie-1ine designs (n > 2) for 
which any group showed a consistent copying strategy were chosen for 
analysis. The percentage of subjects employing the copying strategy 
identified for each item was then compared across groups.
Marked consistency of strategy (80% or more subjects in any 
group using the same strategy) was noted in 20 of the 30 "complex" 
multiple-line figures in the copying battery. These 20 designs, the 
particular strategies characteristic of them and the percentage of 
subjects observing the strategies in each group are shown in Table 11-3.
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There  i s  l i t t l e  e v id e n c e  o f  any s t r a t e g y  d i f f e r e n c e s  between the  
g r o u p s .  F i s h e r  p r o b a b i l i t y  t e s t s  showed s i g n i f i c a n t  group d i f f e r ­
ences f o r  o n l y  two o f  t he  tw e n ty  d e s i g n s .
T a b le  11-3 ( i )  shows t h a t  s u b j e c t s  f rom  a l l  groups  tended  t o  
copy the  m u l t i p l e - f i g u r e  d e s i g n s ,  f i g u r e  by f i g u r e .  S i m i l a r l y ,  as 
seen in  T a b le  11—3 ( i i ) most s u b j e c t s  f rom each group  c o p ie d  th e  3D 
d e s ig n s  fac e  by f a c e .  Thus in  Semenza e t  a l ' s  (1978)  t e r m s ,  i t  m ig h t  
be s a i d  t h a t  t he  s u b j e c t s  in  each group  were a d o p t i n g  a " g l o b a l "  r a t h e r  
than an " a n a l y t i c a l "  app ro a c h .
T a b le  11-3 ( i i i )  shows t h a t  s u b j e c t s  in a l l  groups tended to  
copy th e  i r r e g u l a r  f i g u r e s  by moving f r om  one l i n e  t o  t he  a d j a c e n t  
i n t e r s e c t i n g  l i n e .  T h i s  s t r a t e g y  i s  s i m i l a r  t o  t h r e a d i n g  e x c e p t  t h a t  
i t  i s  independen t  o f  d i r e c t i o n  ( t h a t  i s ,  i t  i s  i r r e l e v a n t  w h e th e r  a 
l i n e  i s  commenceo a t  t h e  end a d j a c e n t  o r  o p p o s i t e  t o  th e  p r e c e d in g  
1 i n e ) .
T a b le  11~3 ( i v )  shows t h a t  most s u b j e c t s  in  a l l  g roups  cop ied  
the  r e g u l a r  c l o s e d  fo rm s  by b r e a k i n g  them i n t o  two components and 
c o m p l e t i n g  each in  t u r n  ( i n  any o r d e r ) .
The s t r a t e g i e s  o bs e rv ed  ( i n  some s u b j e c t s )  f o r  t he  d e s ig n s  shown 
in  T a b le  11-3 (v)  were s i m i l a r  b u t  in  t h i s  case ,  th e  base components
T h i s  s t r a t e g y  was the  o n l y  case where th e  GCD g roup  d i f f e r e d  f rom any 
o t h e r  g ro u p .  The GCD g roup  s i g n i f i c a n t l y  l e s s  o f t e n  c o p ie d  the e n t i r e
C o n t r o l  group (F is h e r  p  < . 0 5 ) .  A s i m i l a r  d i f f e r e n c e  o c c u r r e d  be­
) were drawn f i r s t  and the  t a i l s  added l a t e r .
base b e f o r e  add in g  the  smal l  t a i l s  f o r  d e s ig n s  8 and 11 than  d i d  t he
tween th e  GCD and GCD groups b u t  t h i s  was n o t  s i g n i f i c a n t .  In 
c o n t r a s t ,  a l l  groups c o p ie d  t h e  t r i a n g l e  in  d e s ig n  29 b e f o r e  add ing
23*4
t he  t a i l s  ( s i nce  t h i s  meant copying the  r i g h t  hand s i de  o f  the f i g u r e  
f i r s t ,  presumably in o r de r  t o  p r es e r ve  the  c o r r e c t  s t r u c t u r e  of  the 
f i g u r e ,  t h i s  s t r a t e g y  can be seen as an example of  the  van Sommers 
(1974) asymmetr ical  conformi ty  c o n s t r a i n t ) .
11 . * 4  DISCUSSION
The main f i n d i n g s  of  t h i s  a n a l y s i s  o f  sequencing in copying were
t h a t :
(1) There a r e  not  c o n s i s t e n t  d i f f e r e n c e s  between the  GCD and 
GCD groups in p r e f e r r e d  s t a r t i n g  p o i n t  or  movement d i r e c ­
t i on  in copying s i n g l e  or  m u l t i p l e  l i n e  f i g u r e s ;
(2) The s t r a t e g i e s  adopted by the  GCD group do not  show any 
marked d i f f e r e n c e s  from those  employed by the GCD group 
(given the  l a rge  number of  s t a t i s t i c a l  t e s t s  a p p l i e d ,  
i t  would be unwise t o  p l a ce  emphasis  on the  i s o l a t e d  
f i n d i ng s  fo r  de s i gns  8 and 11, and
(3) The GCD group did not  show a tendency towards d i f f e r e n t  
p r e f e r r e d  s t a r t i n g  and movement d i r e c t i o n s  or  d i f f e r e n t  
n o n - d i r e c t i o n a 1 s t r a t e g i e s  than the  Control  group.
The f a c t  t h a t  the  GCD group employed the  same r u l e s  of  p r o g r e s ­
s ion  as  the o t h e r  groups might  be i n t e r p r e t e d  in Goodnow and Lev i ne ' s  
(1973) terms as ev idence  t h a t  t he  " sy n t ax "  of  copying,  or  the "grammar 
o f  a c t i o n "  is s i m i l a r  f o r  a l l  t h r e e  groups .  On the  o t h e r  hand,  the 
d i s c u s s i o n  by van Sommers (197*+) impl ies  t h a t  t o  a f f o r d  such a s t a t u s  
t o  t h e s e  p r e f e r r e d  d i r e c t i o n s  of  movements may be unwar ranted.  He 
a rgues  t h a t  t he se  movement p r e f e r e n c e s  simply a r i s e  from c o n s t r a i n t s
a s s o c i a t e d  wi th  the  r e l a t i v e  ease  wi th which d i f f e r e n t  movements can
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be execu ted .  They cor respond not  so much to  the  grammar of  a 
language as to i t s  p h on e t i c s .  For the  p r e s en t  pu rposes ,  i t  wi l l  be 
concluded simply t h a t  the  lower l evel  c o n s t r a i n t s  on a c t i o n  a r e  
s i m i l a r  fo r  each of  the  groups .
The absence o f  d i f f e r e n c e s  in the n o n - d i r e c t i o n a 1 s t r a t e g i e s  
used by the  t h r e e  groups  is  s i g n i f i c a n t .  The genera l  approach towards 
p lanning  a sequence of  drawing a c t i o n s  is  the  same fo r  GCD s ub j e c t s  
as f o r  the  o t h e r s .  Thi s  is  c o n s i s t e n t  wi th  the  f i n d i n g s  f o r  the 
pe r ce p t ua l  scanning t e s t s  (Chapter  9) where t h e r e  was no evidence  of  
s t r a t e g y  d i f f e r e n c e s  between groups .  I t  impl ies  t h a t  i f  GCD s u b j e c t s  
do have a p lanning  problem (as sugges t ed  in Chapter  10) ,  the  problem 
l i e s  in o r gan i z i ng  the  s p e c i f i c  a c t i o n s  r equ i r e d  to  implement a 
s t r a t e g y  in copying a p a r t i c u l a r  de s i gn .
The absence o f  s t r a t e g y  d i f f e r e n c e s  a l s o  p rov i des  impor tant  i n ­
s i g h t  i n t o  pe rcep t ua l  f un c t i o n i n g  in GCD s u b j e c t s .  In p a r t i c u l a r ,  
t he  f a c t  t h a t  the  GCD s u b j e c t s  copied the  m u l t i p l e  o ve r l a pp i ng  f i g u r e s  
form by form and not  in d i s c r e t e  non-over l app ing  l i n e s  or  small  shapes 
sugges t s  t h a t  the  g loba l  p e r ce p t ua l  o r g a n i z a t i o n  of  the  f i g u r e s  was 
i n t a c t .  A spe c i a l  Trac ing  t a s k ,  d e s c r ib e d  in the fo l l owi ng  s e c t i on  was 
des igned to  i n v e s t i g a t e  t h i s  p o s s i b i l i t y  f u r t h e r .
F i n a l l y ,  t he  absence  of  sequencing d i f f e r e n c e s  between the 
Control  and GCD groups  s ugges t s  t h a t  in t h i s  s t udy ,  the  s u b j e c t s  w i t h ­
out  copying d i s a b i l i t y  not  only showed adequa te  copying a b i l i t y  (as 
a s s e s se d  by the  accuracy  o f  the  f i n a l  p r o d u c t ) ,  but  a l s o  normal 
sequencing behaviour  in producing t h a t  end p roduc t .  If  the  GCD sub­
j e c t s  adopted an abnormal manner in copying,  i t  was not  e v i de n t  in 
s e q u e n c i ng .
1 1 . 5  SEQUENCE IN TRACING EMBEDDED FIGURES
A s u b j e c t  must be cap a b le  o f  a n a l y s i n g  a d e s ig n  i n t o  m e a n in g fu l  
components  b e f o r e  he can copy i t  in  a manner w h ic h  w i l l  b e s t  p r e s e r v e  
the  s t r u c t u r e  o f  those  components  and hence th e  appea ra nce  o f  th e  
d e s i g n .  The t a s k  t o  be d e s c r i b e d  in  t h i s  s e c t i o n  was employed in 
o r d e r  t o  d e t e r m in e  i f  s u b j e c t s  c o u ld  a n a l y s e  d e s ig n s  i n t o  t h e i r  com­
ponen t  p a r t s .  The t a s k  r e q u i r e d  t h a t  t h e  s u b j e c t  t r a c e  a s e r i e s  o f  
d e s i g n s ,  each d e s ig n  c o n t a i n i n g  a number o f  o v e r l a p p i n g  f i g u r e s .  The 
t r a c i n g  sequence was employed as e v i d e n c e  o f  w h e th e r  t h e  s u b j e c t  was 
a b l e  t o  a n a l y s e  a d e s ig n  i n t o  i t s  component shapes .  I t  was assumed 
t h a t  i f  a s u b j e c t  t r a c e d  the  d e s ig n  f i g u r e  by f i g u r e ,  he c o u ld  o r g a n i z e  
the  d e s ig n  i n t o  components  p e r c e p t u a l l y .  (Of c o u r s e ,  t h e r e  a re  a 
number o f  p o s s i b l e  e x p l a n a t i o n s  why a s u b j e c t  m ig h t  n o t  t r a c e  the  
d e s ig n  component by component .  C o n s e q u e n t l y ,  f a i l u r e  t o  t r a c e  a 
d e s ig n  f i g u r e  by f i g u r e  canno t  be used as e v id e n c e  t h a t  a s u b j e c t  is  
i n c a p a b le  o f  a n a l y s i n g  a des ig n  i n t o  i t s  c om ponen ts . )
1 1 . 5 . 1  T r a c i n g  t a s k  
M e t h o d
S t i m u l i . The t r a c i n g  t a s k  c o n s i s t e d  o f  s i x  i t e m s .  Each i tem c o n t a in e d  
a d e s ig n  co m pr ised  o f  s e v e r a l  o v e r l a p p i n g  f i g u r e s .  The f i g u r e s  employed 
were l a r g e  and smal l  c i r c l e s ,  squa res  and t r i a n g l e s .  The s i m p l e s t  
d e s ig n  c o n s i s t e d  o f  o n l y  two o v e r l a p p i n g  f i g u r e s  w h i l e  t he  most c o m p l i ­
c a te d  de s ig n  (see F i g u r e  11-4)  c o n s i s t e d  o f  s i x  o v e r l a p p i n g  shapes.
Each d e s ig n  was c e n t r e d  on a w h i t e  6 "  x 4 "  ( 1 5 .2  x 10.2 cm) s h e e t .
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Fi gu r e  11-4 .  An i tem from t h e  T r a c i n g  t a s k
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Procedure. Each tracing item sheet was laid on the graphics tablet 
in the "copying sheet" position. The subject was instructed to 
"trace over" the design. No instructions were given as to how he 
should do this and the subject's attention was not directed to the 
fact that the designs consisted of separate figures. The items were 
presented in order of increasing difficulty.
Results and discussion
Table 11-4 shows the average number of designs (maximum six) per 
subject in each group vhich were traced "figure by figure".
TABLE 11-4
Number of designs traced figure by figure
Group n Mean S.D.
Control 12 5.5 1.0
GCD 12 5.3 0.97
GCD 1 1 5.5 1.51
Some of the subjects occasionally omitted parts of the figures they 
were tracing. They were not penalised for this. Provided that the 
subject progressed from shape to shape and did not return to a 
previously partially traced figure, his strategy was categorized as 
"figure by figure".
It can be seen that the average number of designs for which a 
figure by figure approach was adopted is close to the maximum possible
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f o r  each o f  the  g ro u p s .  The re  was no s i g n i f i c a n t  d i f f e r e n c e  between 
g roups  in  the  tendency  t o  use a f i g u r e  by f i g u r e  approach  (F is h e r  p > 
.05 in  each c a s e ) .  The p a t t e r n  o f  r e s u l t s  sugges t  t h a t  the  GCD sub­
j e c t s  were a b l e  t o  a n a l y s e  d e s ig n s  p e r c e p t u a l l y  i n t o  m e a n in g fu l  
componen ts .  By i m p l i c a t i o n  i t  m ig h t  be conc lude d  t h a t  the  p e r c e p t u a l  
o r g a n i z a t i o n  o f  t he  f i g u r e s  was n o t  d i s o r d e r e d  in  the  p a t i e n t s  w i t h  
c o p y in g  d i s a b i l i t y .  I t  wou ld  c e r t a i n l y  seem t h a t  the  o v e r l a p p i n g  
p a t t e r n s  d i d  n o t  appear  as a j u m b l e  o f  l i n e s  t o  th e s e  s u b j e c t s .
In a d d i t i o n  t o  t h e  s i g n i f i c a n c e  f o r  p e r c e p t u a l  f u n c t i o n i n g ,  the 
r e s u l t s  a l s o  add s u p p o r t  t o  the  f i n d i n g s  in  the  p r e v i o u s  s e c t i o n  where 
i t  was found t h a t  s t r a t e g i e s  adop te d  by t h e  groups  were s i m i l a r .  The 
GCD s u b j e c t s  c o u ld  n o t  o n l y  r e s o l v e  t h e  d e s ig n  i n t o  component f i g u r e s  
b u t  a l s o  f o r m u l a t e d  and e x ec u ted  a s t r a t e g y  to  s y s t e m a t i c a l l y  copy 
th e  d e s ig n  component f i g u r e  by component f i g u r e .
11.6 CONCLUSIONS
The r e s u l t s  o f  a n a l y s e s  o f  sequence in  t r a c i n g  and copy ing  have 
sugges te d  no e v id e n c e  o f  p rob lems  in  f o r m u l a t i n g  g e n e ra l  s t r a t e g i e s .  
F u r t h e r m o r e ,  these  a n a l y s e s  have p r o v i d e d  t h e  i m p o r t a n t  e v id e n c e  t h a t  
t he  a b i l i t y  t o  a n a l y s e  a d e s ig n  i n t o  i t s  components  i s  i n t a c t  in  GCD 
p a t i e n t s .  F i n a l l y ,  t h e y  p r o v i d e d  no e v id e n c e  t h a t  p a t i e n t s  c l a s s i ­
f i e d  as n o n - c o p y i n g - d i s a b l e d  showed d i s o r d e r e d  s equenc ing  t h a t  m ig h t  
i n d i c a t e  a h idden  c o p y in g  d i f f i c u l t y .
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CHAPTER 12
TIMING CHARACTERISTICS OF COPYING
The a n a l y s i s  in  the  p r e c e d i n g  c h a p t e r  c o n s i d e r e d  th e  s u b j e c t s '  
b e h a v i o u r  d u r i n g  c o p y in g  by e x a m in in g  sequen c ing  o f  s t r o k e s .  I t  
r e v e a l e d  no d i f f e r e n c e s  between g roups  in  t h i s  a s p e c t  o f  c o p y in g .
T h i s  c h a p t e r  p r e s e n t s  an a n a l y s i s  o f  a n o t h e r  a s p e c t  o f  c o p y in g  
b e h a v i o u r ,  namely i t s  t i m i n g  c h a r a c t e r i s t i c s .
12.1 BACKGROUND
C o n s o l i  ( 1 9 7 9 ) ,  w i t h  th e  a i d  o f  v i d e o t a p i n g ,  c a r e f u l l y  examined 
f r e q u e n c y  o f  h e s i t a t i o n s  d u r i n g  b l o c k  d e s ig n  c o n s t r u c t i o n .  He found 
t h a t  more l e f t - h e m i s p h e r e  p a t i e n t s  t han  r i g h t - h e m i s p h e r e  p a t i e n t s  
d i s p l a y e d  a b n o r m a l l y  f r e q u e n t  h e s i t a t i o n s .  However ,  t h e r e  has no t  
been a c a r e f u l  s t u d y  o f  t h e  t i m i n g  c h a r a c t e r i s t i c s  o f  c o p y i n g .  McFie 
and Z a n g w i11 ( i 960 ) d i d  sugges t  t h a t  l e f t  and r i g h t  c o n s t r u c t i o n a l  
a p r a x i c s  d i f f e r e d  in  t h a t  t he  f o r m e r  tended t o  draw s l o w l y  and the  
l a t t e r  " e n e r g e t i c a l l y " .  S i m i l a r l y ,  C o l l i g n o n  and Rondeaux (1974)  
r e p o r t e d  t h a t  r i g h t - l e s i o n  p a t i e n t s  drew more r a p i d l y  than  l e f t  hem is ­
phere  p a t i e n t s  and a l s o  f r e q u e n t l y  made "n o  r e f e r e n c e  t o  t he  m o d e l " .  
However ,  t h e r e  i s  no i n d i c a t i o n  in  e i t h e r  o f  t h e  l a t t e r  papers o f  how 
speed o r  m o n i t o r i n g  a c t i v i t y  was assessed .  C o n t r o l  s u b j e c t s  were no t
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employed so i t  wou ld  seem t h a t  t he  c r i t e r i a  f o r  s low and e n e r g e t i c  
was s u b j e c t i v e  and indeed i f  any a c t u a l  measurements were made, th ey  
were n o t  r e p o r t e d .
One m ig h t  a l s o  w ish  t o  know w h ic h  p a r t i c u l a r  components o f  t he  
c o p y in g  b e h a v i o u r  a r e  r e f e r r e d  t o  in  th ese  s t u d i e s .  In a d d i t i o n  t o  
t h e  t o t a l  t im e  i t  i s  p o s s i b l e  t o  d i s t i n g u i s h  ( i )  th e  t im e  spen t  mon­
i t o r i n g  the  model ( i i )  t he  p l a n n i n g  t im e  b e f o r e  commencing the  d raw ing  
( i i i )  t h e  h e s i t a t i o n s  in  between s t r o k e s  w h i l e  d ra w in g  and ( i v )  t he  
e x e c u t i o n  t im e  f o r  t h e  s t r o k e s .  Each o f  th ese  components c o u ld  be 
a f f e c t e d  i n d e p e n d e n t l y  o f  t h e  o t h e r s .
T h i s  c h a p t e r  examines t o t a l  c o p y in g  t im e  and i t s  v a r i o u s  
components  f o r  s u b j e c t s  in  th e  GCD, GCD and C o n t r o l  g r o u p s .  Two 
s t u d i e s  a re  r e p o r t e d .  The f i r s t  was based on a s p e c i a l l y  des igned  
e x p e r i m e n t a l  t a s k  w h ic h  enab le d  measurement  o f  t h e  f r e q u e n c y  and 
t im e  t h a t  s u b j e c t s  spen t  m o n i t o r i n g  th e  model b o th  b e f o r e  and d u r i n g  
th e  co u rs e  o f  c o p y i n g .  The second s t u d y  made use o f  t he  d i g i t a l  
r e c o r d s  ( c o l l e c t e d  on the  g r a p h i c s  t a b l e t  sys tem) a v a i l a b l e  f o r  each 
o f  t h e  Copying t e s t  i t e m s .  The i n t e r a c t i v e  a n a l y s i s  program (C hap te r  
11) enab le d  i n f o r m a t i o n  c o n c e r n i n g  pauses b e f o r e  and d u r i n g  c o p y i n g ,  
s t r o k e  v e l o c i t y ,  and t o t a l  d u r a t i o n  o f  c o p y i n g ,  t o  be d e te r m in e d  f o r  
each c o p y in g  i tem .  The r e s u l t s  o f  each o f  t he  two s t u d i e s  w i l l  be 
c o n s i d e r e d  in  s e p a r a t e  s e c t i o n s  be low .
The pu rpose o f  t h e  i n v e s t i g a t i o n  was (as in  t he  p r e c e d i n g  c h a p t e r )  
t w o f o l d .  F i r s t l y ,  i t  was hoped t h a t  a n a l y s e s  o f  th e  v a r i o u s  as p e c ts  
o f  t i m i n g  m ig h t  p r o v i d e  i n s i g h t  i n t o  t h e  n a t u r e  o f  t h e  c o p y in g  d i s ­
a b i l i t y .  S e c o n d ly ,  t he  a n a l y s e s  were c o n s i d e r e d  ne c e s s a ry  s i n c e  
t i m i n g  c o u ld  be used as an a l t e r n a t i v e  b a s i s  f o r  i d e n t i f y i n g  co p y in g
d i s o r d e r s .  The q u a l i t y  o f  p e r fo rm anc e  in  t h e  Copying t e s t  by GCD
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s u b j e c t s  d i d  n o t  d i f f e r  f r om  t h a t  o f  the  C o n t r o l  s u b j e c t s  (C hap te r  
4 ) ,  b u t  i t  is  p o s s i b l e  t h a t  some o r  a l l  o f  th e s e  s u b j e c t s  d i d  have 
a c o p y in g  p rob lem .  These s u b j e c t s  may have been a b le  t o  a c h ie v e  a 
s a t i s f a c t o r y  end p r o d u c t ,  bu t  o n l y  by spend ing  an a b n o r m a l l y  long 
t im e  in  do ing  so.  S i m i l a r l y ,  i t  i s  p o s s i b l e  t h a t  d i f f e r e n c e s  in 
p e r fo rm a n c e  between th e  GCD and GCD g roups  may have been u n d e r ­
e s t i m a t e d  by c o n s i d e r i n g  o n l y  a c c u r a c y  s c o r e s .  GCD s u b j e c t s  may have 
compensated f o r  t h e i r  d i f f i c u l t i e s  t o  some e x t e n t  by t a k i n g  l o n g e r .
1 2 . 2  M O N I T O R I N G  FREQUENCY AND D U R A T I O N :  THE
M O N I T O R I N G  T A S K
The id e a l  method o f  o b j e c t i v e l y  m easu r ing  m o n i t o r i n g  b e h a v io u r  
d u r i n g  co p y in g  wou ld  be t o  r e c o r d  o c u l a r  movements.  S ince  f a c i l i t i e s  
were n o t  a v a i l a b l e  t o  do t h i s ,  an a l t e r n a t i v e  method o f  m easur ing  th e  
s u b j e c t ' s  m o n i t o r i n g  b e h a v i o u r  was d e v i s e d .  T h i s  i n v o l v e d  the  use 
o f  a s i m p l e  a p p a r a tu s  by means o f  w h ic h  t h e  s u b j e c t  c o u ld  c o n t r o l  t he  
f r e q u e n c y  and d u r a t i o n  o f  the  p r e s e n t a t i o n  o f  t h e  model t o  be c o p ie d .  
T h i s  made i t  p o s s i b l e  t o  d e t e r m in e  i f  t he  GCD s u b j e c t s  tended  to  
m o n i t o r  t he  model more o f t e n  than t h e  GCD o r  C o n t r o l  s u b j e c t s  (as 
m ig h t  be expec ted  i f  t h e y  were c om pensa t ing  f o r  a memory, p e r c e p t u a l ,  
o r  p l a n n i n g  prob lem)  o r  l e s s  o f t e n  (as m ig h t  be the  case i f  GCD 
p a t i e n t s  draw le s s  a c c u r a t e l y  as a r e s u l t  o f  i n s u f f i c i e n t  m o n i t o r i n g  
o f  th e  mode 1) .
12 .2 .1  Method 
S t i m u l i
E i g h t  de s ig n s  f r om  the  Copying  t e s t  were  employed as models .  
These i n c l u d e d  a square  (D es ign  3 ) ,  a t r i a n g l e  (Des ign  1 ) ,  a c lo s e d
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s y m m e t r i c a l  f i v e - s i d e d  f i g u r e  (Des ign  5 ) ,  a c l o s e d  a s y m m e t r i c a l  
f i v e - s i d e d  f i g u r e  (D es ign  1 2 ) ,  a s y m m e t r i c a l  f i v e - s i d e d  c h a in e d ,  
b ranched and embedded f i g u r e s  (D es igns  13» 1^ and 15) and a cube 
(D es ign  2 5 ) .
A pp a ra tu s
A s i m p l e  s t i m u l u s - p r e s e n t a t i o n  box was des igne d  and c o n s t r u c t e d  
f o r  th e  p r e s e n t  pu rposes  ( F i g u r e  1 2 - 1 ) .  The a p p a r a t u s  worked on th e  
p r i n c i p l e  t h a t  a d e s ig n  on the  back o f  a ca rd  was i n v i s i b l e  under  
normal  v i e w i n g  c o n d i t i o n s  b u t  c o u ld  be seen c l e a r l y  when i l l u m i n a t e d  
f rom b e n e a th .  By r e q u i r i n g  th e  s u b j e c t  t o  c o n t r o l  t he  p roc es s  by w h ich  
the  d e s ig n  was i l l u m i n a t e d ,  i t  was p o s s i b l e  t o  r e c o r d  e l e c t r o n i c a l l y  
b o th  t he  d u r a t i o n  f o r  w h i c h  th e  model was a v a i l a b l e  t o  t h e  s u b j e c t  
and the  f r e q u e n c y  w i t h  w h i c h  i t  was r e q u i r e d .
The s t i m u l u s - p r e s e n t a t i o n  box c o n s i s t e d  o f  a sma l l  r e c t a n g u l a r  
box ( 6 "  x  9 "  x 3 " ) •  The l i d  o f  t h e  box com pr ised  the  s t i m u l u s  ca rd  
( f a c e  down)^ sandw iched between a l a y e r  o f  c l e a r  g l a s s  (on top )  and 
a l a y e r  o f  t r a n s l u c e n t  pe rs p e x  ( b e l o w ) .  The l i d  was h inged  a t  t h e  
s i d e  f u r t h e s t  f r om  t h e  s u b j e c t  and s u p p o r t e d  by two m i c r o s w i t c h e s .
P re s s u re  on the  l i d  c l o s e d  the  s w i t c h e s  w h ic h  in  t u r n  t u r n e d  on two 
15 w a t t  i n c a n d e s c e n t  g lo b e s  w i t h i n  th e  box .  The d ra w in g  on the  s t i m u l u s  
ca rd  was t h e r e b y  v i s i b l e  t o  th e  s u b j e c t .  Removal o f  p r e s s u r e  f rom the  
l i d  r e le a s e d  the  s w i t c h e s  and e x t i n g u i s h e d  the  l i g h t s .  D ep res s ion  
o f  t h e  l i d  a c t i v a t e d  a t i m e r  ( p r o v i d i n g  a c u m u l a t i v e  re c o r d  o f  v i e w i n g  t im e )
S ince  the  d e s ig n  was l o c a t e d  on th e  back o f  a c a r d ,  t he  de s ig n s  
were c o n s t r u c t e d  in  t h e  m i r r o r  image o f  th e  o r i g i n a l .  An e x t r a  
w h i t e  sh e e t  cove red  th e  top  o f  the  ca rd  t o  ensu re  t h a t  i t  was 
q u i t e  i n v i s i b l e  t o  the  s u b j e c t .
( i )  L i g h t  o f f ,  s t i mu l us  i n v i s i b l e
( i i )  L id  depressed,  l i g h t  on,  s t i mu l us  v i s i b l e
Figure  12-1.  S t i m u l u s - p r e s e n t a t i o n  box f o r  the Mo n i t o r i ng  
t ask .
and an ev e n t  c o u n t e r .  The s u b j e c t ' s  pen was used t o  dep ress  the  
l i d  so t h a t  he c o u ld  n o t  v iew  and copy a t  t h e  same t im e .  
P rocedu re
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The a p p a ra tu s  was p la c e d  in  f r o n t  o f  th e  s u b j e c t  on t h e  g r a p h i c s  
t a b l e t .  He was t o l d
"T h e re  i s  a p a t t e r n  in  he re  and I am go in g  t o  ask 
you t o  copy i t .  In o r d e r  t o  see the  p a t t e r n  you w i l l  
have t o  p ress  th e  l i d  w i t h  y o u r  pen l i k e  t h i s  (demon­
s t r a t e s ) .  I wan t  you t o  copy th e  p a t t e r n  as w e l l  as 
you can.  You can p re s s  th e  1 id  down f o r  as long  as you 
l i k e  and as o f t e n  as you l i k e  b u t  I d o n ' t  wan t  you t o  be 
d ra w in g  a t  the  same t im e  as you a r e  l o o k i n g  a t  the  p i c t u r e .
J u s t  imagine i t  i s  an o r d i n a r y  c o p y in g  t a s k .  You can 
l o o k  as o f t e n  as you l i k e  in  o r d e r  t o  copy th e  f i g u r e . "
A p r a c t i c e  i tem was p r o v i d e d .  The e i g h t  s t i m u l i  were then  p r e s e n te d
in  an i n d i v i d u a l l y  randomized o r d e r .  The d u r a t i o n  o f  each a c t  o f
m o n i t o r i n g  and the  f r e q u e n c y  o f  m o n i t o r i n g  was re c o rded  f o r  each
s t i m u l u s .
The l a y o u t  was the  same as f o r  th e  Copying t e s t  (C h a p te r  4) 
e x c e p t  t h a t  t he  e n t i r e  s t i m u l u s - p r e s e n t a t i o n  box r e p la c e d  the  model 
c a r d .
1 2 . 2 . 2  R e s u l t s 1
2
The f r e q u e n c y  and t o t a l  d u r a t i o n  o f  m o n i t o r i n g  f o r  each i tem
averaged  ac ross  s u b j e c t s  w i t h i n  a group  i s  p r e s e n t e d  in  T a b le s  12-1
and 12-2.
Complete da ta  f o r  two GCD s u b j e c t s  was n o t  a v a i l a b l e .  In 
a d d i t i o n ,  da ta  f o r  two GCD s u b j e c t s  f o r  d u r a t i o n  was o m i t t e d  f o r  
one i tem  and a f u r t h e r  one GCD s u b j e c t  f o r  one i t e m .  A l l  da ta  f o r  
th e s e  s u b j e c t s  were t h e r e f o r e  o m i t t e d  f o r  the  d u r a t i o n  c a l c u l a t i o n s .  
However ,  the  o m is s io n  o f  t h i s  da ta  d i d  n o t  a l t e r  th e  t r e n d s .
The te rms " i t e m "  and " d e s i g n "  a r e  used i n t e r c h a n g e a b l y  in  t h i s  
s e c t  i o n .
2
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TABLE 12-1
Mean m o n i t o r i n g  f r e q u e n c y
C o n t r o l 1 .07 1.14 1.43 3 .07 3.00 3.86 3 .9 2 2 .5 7
GCD 1.31 1 .08 1.14 3 -5 ^ 2 .77 4.31 4 .5 4 2 .07
GCD 1.15 1.31 1 .38 2 .9 2 3.62 4 .0 0 3.62 3.23
TABLE 12-2
Mean m o n i t o r i n g  d u r a t i o n  (secs)
□  A AE S I G N
No. 14No. 12 N o .  13 N o . 1 5 N o . 2 5
GROUP
C o n t r o l
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A s p l i t - p l o t  a n a l y s i s  o f  v a r i a n c e  on f r e q u e n c y - o f - 1o o k in g  f a i l e d  
t o  y i e l d  a s i g n i f i c a n t  Group e f f e c t  (F ( 2 ,  38) = 0 . 0 3 ,  p > . 0 5 ) .  There 
was a s i g n i f i c a n t  e f f e c t  f o r  I tem (F ( 7 ,  252) = 3 9 - 3 3 ,  p < -01) b u t  
t h e r e  was n o t  a s i g n i f i c a n t  i n t e r a c t i o n  between Groups and I tems 
(F (14 ,  252) = 1 .414 ,  p > . 0 5 ) •
A s p l i t - p l o t  a n a l y s i s  o f  v a r i a n c e  o f  th e  d u r a t i o n  o f  m o n i t o r i n g  
d i d  n o t  y i e l d  a s i g n i f i c a n t  Group e f f e c t  (F (2 ,  33) = 1 .5 5 ,  p > - 0 5 ) .
Once a g a in  t h e r e  was a s i g n i f i c a n t  main e f f e c t  o f  I terns {F (7 ,  231) = 
1 2 .5 ,  p < -01) b u t  no s i g n i f i c a n t  i n t e r a c t i o n  between Groups and 
I tems (F (14,  231) = 1 .4 7 1 ,  p > . 0 5 ) .
The absence o f  a d i f f e r e n c e  in  c e n t r a l  te nden cy  f o r  th e  groups 
c o u l d  a r i s e  in th e  p resence  o f  group  d i f f e r e n c e s  in  o t h e r  p a r a m e te r s .
For  i n s t a n c e ,  some members o f  t he  GCD g roup  m ig h t  show e x t r e m e l y  
h ig h  s c o re s  w h i l e  o t h e r  members o f  t h e  same g roup  m ig h t  show e x t r e m e l y  
low s c o r e s .  There  was no e v id e n c e  t h a t  t h i s  was the  case .  A Moses 
t e s t  o f  ex t reme r e a c t i o n s  (a t e s t  des ig n e d  t o  assess i f  one group  
shows more ex t rem e res p o n s e s ,  e i t h e r  low o r _ h i g h  than  a n o t h e r  g roup )  
was conduc te d  f o r  each d i f f e r e n t  p a i r i n g  o f  t he  t h r e e  g roups  f o r  bo th  
t h e  f r e q u e n c y  and the  d u r a t i o n  measures .  The re  was no e v id e n c e  o f  
more ex t reme ( h i g h / l o w )  m o n i t o r i n g  f r e q u e n c y  in  th e  GCD group  than  
t h e  GCD group  (S^ (nQQQ = 13, n GCQ = 12, h = 1) = 19, p > . 0 5 ) .  
F u r t h e r m o r e  n e i t h e r  t he  GCD n o r  the  GCD g roup  d i f f e r e d  s i g n i f i c a n t l y  
f r om  t h e  C o n t r o l  g roup  in  ex t rem e  s c o r e s .  ( C o n t r o l  vs GCD: (S^ ^n Q0 n t r o l
= 1^,  nGCD = 12, h = 1) = 23,  p > . 0 5 ) ;  C o n t r o l  vs GCD: (S^ (nC o n t r o l
= 14, n-^TTr = 13, h = l )  = 23 ,  p > . 0 5 ) .  S i m i l a r l y ,  a Moses t e s t  o f
ex t rem e  r e a c t i o n s  c o n f i r m e d  t h a t  t h e  GCD group d i d  n o t  show s i g n i f i c ­
a n t l y  more ex t reme ( i . e .  s h o r t  o r  l ong )  d u r a t i o n  s c o re s  than  th e  GCD 
g roup  (S^ (nQQQ = H »  nGCD = 11, h = 1) = 18, p > . 0 5 ) .  N e i t h e r  o f
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th e  b ra in -dam aged  g roups  showed more ex t rem e  m o n i t o r i n g  t im e s  than
l 4 ’ "dCD = 11’
1 1 ,
t h e  C o n t r o l  group ( C o n t r o l  vs GCD: { S ^  ^ng0 n t r o l
h = 1) = 23,  p > .0 5 ;  C o n t r o l  vs GCD { S ^  ( nC o n t r o j 
h = 1) = 22,  p > . 0 5 ) .
G
14, n
GCD
1 2 . 2 . 3  D i s c u s s io n
There  was no e v id e n c e  t h a t  f r e q u e n c y  o r  d u r a t i o n  o f  m o n i t o r i n g  
was d i f f e r e n t  f o r  t h e  GCD, GCD and C o n t r o l  g r o u p s .  A p p a r e n t l y ,  t he  
GCD p a t i e n t s  n e i t h e r  c o n s u l t  t h e  model more no r  l e s s  f r e q u e n t l y  than 
GCD and C o n t r o l  s u b j e c t s .  They do n o t  spend more o r  l e s s  t im e  
v i e w i n g  the  s t i m u l u s  than  th e  GCD p a t i e n t s  o r  th e  C o n t r o l  s u b j e c t s .
Thus ,  t h i s  e x p e r i m e n t  p r o v i d e s  no s u p p o r t  f o r  t he  s u g g e s t i o n  
t h a t  the  c o p y i n g - d i s a b l e d  s u b j e c t s  more than  o t h e r s ,  " s l a v i s h l y "  
a t t e n d  t o  t h e  mode l .  On the  o t h e r  hand,  n o r  does i t  p r o v i d e  e v id e n c e  
t h a t  these  p a t i e n t s  f a i l  t o  m o n i t o r  t h e  s t i m u l u s .  ( i t  i s ,  o f  c o u r s e ,  
p o s s i b l e  t h a t  t he  method employed d i s r u p t e d  th e  p roc es s  under  s t u d y .
I t  i s  p o s s i b l e  t h a t  t h e  s u b j e c t s  m o d i f i e d  t h e i r  b e h a v i o u r .  For 
i n s t a n c e ,  s u b j e c t s  may have a t t e m p t e d  t o  r e l y  more h e a v i l y  on memory 
in  t h i s  t a s k  d e s p i t e  i n s t r u c t i o n s  t o  t h e  c o n t r a r y . )
The f i n d i n g  t h a t  most s u b j e c t s ,  i n c l u d i n g  th e  GCD p a t i e n t s  looked  
a t  d e s ig n s  1 and 3 o n l y  once o r  t w i c e  s ugges ts  t h a t  a l l  s u b j e c t s  t r e a t e d  
t h e s e  as s im p le  w ho le  f a m i l i a r  f i g u r e s .  Tha t  i s ,  t he  GCD s u b j e c t s  
l i k e  t h e  o t h e r  s u b j e c t s  approached  th e s e  f i g u r e s  d i f f e r e n t l y  f r om  
t h e  more c o m p l i c a t e d  u n f a m i l i a r  f i g u r e s .
12.3 PAUSE TIME, STROKE VELOCITY AND TOTAL
TIME IN COPYING
In t h i s  s t u d y ,  t h e  c o p y in g  t r a c e s  c o l l e c t e d  on th e  g r a p h i c s  
system were r e a n a l y s e d .  Four  i n d i c e s  o f  t i m i n g  were o b t a i n e d  f o r  
each o f  t h e  c o p y in g  t e s t  i t e m s .  These i n d i c e s  w ere :
1. t o t a l  t im e  t o  com p le te  t he  d r a w i n g ;
2.  t he  maximum v e l o c i t y  a t t a i n e d  in  e x e c u t i n g  d r a w i n g ;
3. t he  i n i t i a l  pause p r i o r  t o  commencing the  f i r s t  s t r o k e ;
4.  t he  maximum pause between s t r o k e s  d u r i n g  the  d r a w i n g .
These i n d i c e s  were c a l c u l a t e d  w i t h  t h e  a i d  o f  a compute r
program w h ic h  a u t o m a t i c a l l y  segmented th e  re c o r d  o f  the  c o p y in g  
p e r fo rm anc e  i n t o  s e p a r a t e  s t r o k e s  and pauses (a s im u l t a n e o u s  t r a c e  
o f  th e  c o o r d i n a t e s  on the  T e k t r o n i x  sc reen  enab led  th e  p a i r i n g  o f  
th e  t i m i n g  o u t p u t  and th e  c o r r e s p o n d i n g  l i n e s .  The a l g o r i t h m  
employed t o  segment t he  re c o r d  produced o c c a s i o n a l  sma l l  s p u r i o u s  
pauses.  These were re a s s ig n e d  m a n u a l l y ) .
An example o f  t h e  t i m i n g  and v e l o c i t y  i n f o r m a t i o n  p r o v i d e d  by 
th e  program is  i l l u s t r a t e d  in  F i g u r e  12 -2 .
The te rms employed in  t h i s  o u t p u t  were d e f i n e d  as f o l l o w s .  A 
pause was a p e r i o d  in  w h i c h  t h e  sequence o f  c o o r d i n a t e s  in  t he  
d i g i t a l  r e c o r d  i n d i c a t e d  t h a t  t h e  pen was depressed  b u t  d i d  no t  move 
in  a c o n s i s t e n t  d i r e c t i o n .  An o f f  was d e f i n e d  as a p e r i o d  in  wh ich 
th e  pen was no t  dep ressed  ( i . e .  th e  c o o r d i n a t e  sequence i n d i c a t e d  t h a t
the  c u r s o r ,  r a t h e r  than  the  pen was a c t i v e  (see C hap te r  1 1 ) .  The i n i t i a l
o f f  p e r i o d  was th e  t im e  between a " m a r k e r "  r e c o r d  w h ic h  i n d i c a t e d
the  i n i t i a l  p r e s e n t a t i o n  o f  the  s t i m u l u s  and the  f i r s t  pen-down
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P I C T U R E  #  8
O F F ( S E C ) = 2 . 1 0
S T R O K E  # 1
P A U S E ( S E C ) =  0 . 1 0
L I N E ( S E C )  = 0 . 9 0 D I S C  C M ) ZZ 2 . 6 5 V E L  C C M / S E C ) S 5 . 0 0
P A U S E C  S E C  ) = 0 . 7 0
O F F ( S E C ) = 1 . 7 0
S T R O K E  # 2
D A U S E ( S E C ) = 0 * 1 0
L I N E C S E C )  = 0 . 2 0 D I S  C C M ) s 0 . 3 2 V E L  C C M / S E C ) z z 3 . 1 6
P A U S E C  S E C  ) =  0 . 1 0
L I N E C S E C )  = 0 . 2 0 D I S C C M ) ZZ 1 . 5  1 V E L  C C M / S E C ) sr 8 . 0 0
O F F ( S E C ) =  1 . 6 0
S T R O K E  #  3
L I N E C S E C )  = 0 . 8 0 D I S  C C M ) = 2 .  A 1 V E L  C C M / S E C ) z z 5 . 0 0
P A U S E C S E C ) =  0 . 3 0
O F F ( S E C ) =  1 . 1 0
S T R O K E  #  A
P A U S E C S E C ) =  0 . 1 0
L I N E C S E C )  = 0 . 7 0 D I S  C C M ) 2 . 6 3 V E L  C C M / S E C ) - 6 . 0 8
P A U S E C S E C ) =  0 . 3 0
Figure 12-2.  Record o f  a Control  s u b j e c t  copying  
a square
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coordinate.) A line was defined as a series of coordinates changing 
consistently in some direction and terminated by a pause or off 
The distance measure for a line was calculated by cumulating the 
distances between successive coordinates of the line. For practical 
reasons the velocity measure for each line was calculated from the 
maximum distance travelled between two successive samples within that 
line (i.e. it represents the maximum velocity for that line).
The four indices were calculated manually from these outputs.
The total time (l) was calculated by cumulating all the time informa­
tion on the record. The maximum velocity (2) was the highest velocity 
measure in the output. The initial pause (3) was the first off 
measure combined with the first pause measure (if any) before the 
first line was executed. Finally, the maximum pause (4), was the 
maximum combined pause between strokes (pause at end of one line 
combined with duration of off and pause before commencing the next 
1ine).
12.3.1 Results
Results for the single-line, double-line and "complex" multiple­
line figures are considered separately in the following sections. 
Naturally, the maximum pause measure is not incorporated in the 
single-line analyses. For each figure type (single, double, complex 
multiple) each of the time and velocity indices for a subject were 
converted to standard scores. This was done as follows. For each 
index and each item of a figure type in the Copying test (i.e. six 
single-line items, 14 double-line items, 30 "complex" multiple-1ine 
items), a subject's score was converted into a standard score with 
respect to the Control group. These standard scores were then 
averaged across items within a particular figure type. The use of
252
z scores avoided the introduction of bias which might have resulted 
from averaging raw data for which some of the data was missing. For 
simplicity of presentation, the average standard scores were again 
restandardized so that the Control group, by definition, scored (on 
average) zero.
Single line
Figure 12-3 depicts the mean standard total time (Figure 12-3(0, 
maximum velocity (Figure 1 2-3(ii), and initial pause (Figure 12—3(iii) 
scores for the Control, GCD and GCD groups in copying a single line. 
Separate one-way analyses of variance on the logarithmically trans­
formed scores for each measure^ failed to yield any significant Group 
effects. (Total time: F (2, 35) = 1.9^3, p > *05; Maximum velocity:
F (2, 36) = 0.028, p > .05); Initial pause: F (2, 35) = 2.75^, p > .05).
However, it is possible that the GCD group contained some sub­
jects who were extremely fast responders and others who were extremely 
slow. In order to test this possibility, a series of Moses tests of 
extreme reactions were conducted. The results of these tests are 
summarized in Table 12-3. It will be seen that the GCD group did 
not show significantly more extreme measures than the Control group 
or the GCD group on any of the timing indices. Similarly, the GCD 
group did not differ in extremes from the Control group on any measure.
In summary, there was no evidence of any timing differences 
between the groups in copying a single line.
A constant was added to all scores prior to logarithmic transformation 
since it is not possible to take the logarithm of a negative number.
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(i)  TOTAL T IM E
Cont. G CD G C D
( i i )  MAXIMUM VELOCITY ( Hi )  INITIAL PAUSE
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1 . 5  
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0 . 5
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< 1.0
Cont. G C D  GCD
F i g u r e  12-3.  Mean S ta nda rd  ( i )  t o t a l  t im e
( i i )  maximum v e l o c i t y
( i i  i ) i n i t i a j _pause
sc o res  f o r  t h e  C o n t r o l , GCD and GCD 
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Double-line figures
Figure 12-4 depicts the mean standard total time, maximum 
velocity, initial pause and maximum pause scores for the Control, GCD 
and GCD groups for the double-line figures. Separate one-way analyses 
of variance of logarithmically transformed scores for each measure 
failed to yield any significant Group effects (Total time: F (2, 35)
= 1.090, p > .05; Maximum velocity: F (2, 37) = 1.124, p > .05;
Initial pause: F (2, 35) = 0.860, p > .05; Maximum pause: F (2, 37)
= 0.601 , p > .05).
Moses tests of extreme reactions were conducted (for the reason 
outlined in the previous section) and are summarized in Table 12-4.
None of the comparisons between groups for the total time or maximum 
pause indices yielded significant differences. Furthermore, there 
was no significant difference in extreme scores for the GCD and GCD 
groups on either the velocity or maximum pause measures. However, 
the GCD group did show significantly more extreme scores than the 
Control group on the initial pause measure (p < .01) and a tendency 
which approached significance for more extreme velocity scores 
(p = .0789). Similarly, the GCD group showed a tendency toward more 
extreme scores than the Control group on the initial pause (p = .055) 
and maximum velocity measures (p = .055) which approached but did not 
attain significance.
In summary, there were no differences between the GCD and GCD 
groups on any of the indices. Both groups showed a tendency towards 
more extreme (either longer or shorter) initial pauses than the Control 
group although the difference was only significant for the GCD group.
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Multiple-line figures
Figure 12-5 depicts the mean standard total time, maximum 
velocity and initial pause scores for the Control, GCD and GCD groups 
in copying mu 11ipie-1ine figures. Separate one-way analyses of vari­
ance on the logarithmically transformed scores for each measure failed 
to yield any significant Group effects (Total time: F (2, 35) = 0.781.
p > .05; Maximum velocity: F (2, 37) = 0.928, p > .05; Initial pause:
F (2, 35) = 2.273, p > .05; Maximum pause: F (2, 37) = 2.189, p > .05).
The results of Moses tests of extreme reactions are summarized 
in Table 12-5. None of the comparisons between any of the groups for 
the total time and the velocity indices was significant. Furthermore, 
the GCD and GCD groups did not differ in the number of extreme scores 
for the maximum pause or velocity measures. However, the GCD group 
did show significantly more extreme scores than the Control group on 
the initial pause (p < .01) and the maximum pause (p < .05) measures.
The GCD groups also showed a tendency towards more extreme initial 
pause scores which approached but did not attain significance (p < .055).
In summary, none of the comparisons between GCD and GCD groups 
yielded a significant difference in extreme scores for any of the 
indices. Both groups showed a tendency towards more extreme (longer 
or shorter) initial pauses but this was significant only for the GCD 
group which also showed significantly more extreme maximum pause 
scores than the Control group.
12.3.2 Piscussion
These results show that the GCD group did not differ from the 
GCD group on a variety of timing parameters in copying single, double 
and more complex multipie-1ine designs. Not only did the groups show
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no o v e r a l l  d i f f e r e n c e  in  t he  t o t a l  t im e  devo te d  t o  c o p y i n g ,  bu t  an 
a n a l y s i s  o f  v a r i o u s  components o f  t he  t o t a l  a l s o  y i e l d e d  no d i f f e r ­
ences :  t h e  groups d i d  n o t  d i f f e r  in  t he  " p r e p a r a t i o n "  t im e  b e f o r e
e x e c u t i n g  the  copy ,  in  t h e  d u r a t i o n  o f  t h e  pauses between s t r o k e s  
d u r i n g  th e  e x e c u t i o n  o f  t h e  copy ,  o r  th e  speed w i t h  w h ich  a l i n e  was 
e x e c u t e d .
Thus,  the  combined e v id e n c e  f rom t h i s  c h a p t e r  and the  p r e v i o u s  
c h a p t e r  (where i t  was shown t h a t  t h e  g roups  do n o t  d i f f e r  in sequen­
c i n g  b e h a v i o u r )  i s  q u i t e  c l e a r  on one p o i n t .  I t  shows t h a t  a l t h o u g h  
th e  GCD group  (by d e f i n i t i o n )  d i f f e r s  f r om  th e  GCD group  in  th e  
adequacy o f  i t s  d r a w i n g s ,  t h e r e  is  no e v id e n c e  t h a t  th e  GCD group 
d i f f e r s  f rom th e  GCD group  in  t he  manner in  w h ic h  the  d ra w in g s  a re  
p r o d u c e d .
Of c o u r s e ,  t he  f a c t  t h a t  t he  two g roups  d i d  n o t  d i f f e r  in  these  
o b j e c t i v e  i n d i c e s  does n o t  n e c e s s a r i l y  mean t h a t  th e  u n d e r l y i n g  p r o ­
cesses  a s s o c i a t e d  w i t h  c o p y in g  were th e  same f o r  t he  two g r o u p s .  Each 
o f  t h e  t i m i n g  i n d i c e s  must be an e x p r e s s i o n  o f  s e v e r a l  i n t e r a c t i n g  
p ro c e s s e s  i n c l u d i n g  p l a n n i n g ,  p e r c e p t i o n  and memory. The r e l a t i v e  
c o n t r i b u t i o n  o f  d i f f e r e n t  p ro c e s s e s  ( t o  a g i v e n  in dex )  c o u ld  d i f f e r  
between s u b j e c t s  w i t h o u t  an a l t e r a t i o n  o f  t h e  i ndex  i t s e l f .  For  
i n s t a n c e ,  the  p r e p a r a t i o n  t im e  f o r  one s u b j e c t  m ig h t  be devo te d  
l a r g e l y  t o  p la n n i n g  c o n s i d e r a t i o n s ,  w h i l e  f o r  a n o t h e r  i t  m ig h t  be 
de v o te d  t o  r e h e a r s i n g  in  memory t h e  s t r u c t u r e  o f  t h e  f i g u r e .
Indeed ,  i t  i s  r a t h e r  i n t e r e s t i n g  t h a t  d e s p i t e  t h e  f a c t  t h a t  t h e  
GCD g roup  were d e m o n s t r a b l y  worse  than  t h e  GCD g roup  on p e r c e p t u a l  and 
p l a n n i n g  ta s k s  (C h a p te rs  5, 6 ,  1 0 ) ,  t h e r e  was no e v id e n c e  o f  th e s e  d i s ­
o r d e r s  in  th e  p r e s e n t  a n a l y s e s  o f  sequence and t i m i n g .  For  i n s t a n c e ,  
i f ,  as sugges te d  in  C h a p te r  10, t h e r e  were p r o b le m s ,  s p e c i f i c  t o  t h e
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GCD g r o u p ,  in p l a n n i n g  g r a p h i c a l  a c t i o n s ,  th e y  were no t  r e f l e c t e d  in  
t h e  l e n g t h  o f  t h e  pause p r i o r  t o  commencing the  d ra w in g  o r  in the 
i n t e r v a l  between s t r o k e s .  Of c o u r s e ,  th e s e  f i n d i n g s  a r e  n o t  n e c e s s a r i l y  
c o n t r a d i c t o r y .  In a d d i t i o n  t o  th e  reason  o u t l i n e d  in  the pa rag rap h  
abov e ,  t h e r e  i s  no l o g i c a l  n e c e s s i t y  t h a t  d i s o r d e r e d  p e r c e p t i o n  o r  
p l a n n i n g  shou ld  lead t o  even the  f i n e s t  a l t e r a t i o n s  in  th e  t i m i n g  o f  
a c t i o n s  o r  t he  sequenc ing  o f  l i n e s .  A t  the  same t i m e ,  l a c k  o f  p o s i t i v e  
f i n d i n g s  can p r o v i d e  i m p o r t a n t  i n s i g h t  i n t o  the  n a t u r e  o f  copy ing  
p r o b le m s .  For i n s t a n c e ,  i t  m ig h t  have been e x pec ted  t h a t  a g ross  m oto r  
p r o b le m ,  such as an i n a b i l i t y  t o  p roduce  l i n e s  u s in g  a b a l l i s t i c  a c t i o n  
s h o u ld  have been e v i d e n t  in  t he  l i n e - v e l o c i t y  measure.  The f a c t  t h a t  
th e  GCD group d i d  n o t  show a d i f f e r e n c e  f rom  the  GCD group o r  t he  C o n t r o l  
g roup  in  t h i s  r e s p e c t ,  s t r o n g l y  sugges ts  t h a t  t he  e le m e n t a r y  motor  
a c t i o n s  were s i m i l a r  f o r  a l l  the g ro u p s .
A l t h o u g h  the  two b ra in -dam ag ed  g roups  d id  n o t  d i f f e r  f r om  each 
° t h e r  in  the  tem pora l  a s p e c t s  o f  t h e i r  p e r f o r m a n c e ,  t h e r e  was e v id e n c e  
t h a t  b o th  groups showed a te ndency  to w a rds  more ex t r em e  p r e p a r a t i o n  
t im e s  than  the  C o n t r o 1 group  f o r  th e  f i g u r e s  c o n t a i n i n g  more than one 
l i n e .  In f a c t ,  in  a l l  c as es ,  no more than  one o f  t he  s u b j e c t s  making 
e x t re m e  s co res  in  each o f  t h e  GCD and GCD groups  showed s h o r t e r  
p r e p a r a t i o n  t im es  f o r  t he  complex f i g u r e s  than  the  most ex t rem e  C o n t r o l .  
The p r e c i s e  s i g n i f i c a n c e  o f  th e s e  ex t rem e  sc o res  on the  p a r t  o f  the  
b r a in -dam ag ed  s u b j e c t s  i s  u n c l e a r .  The l e n g th e n e d  p r e p a r a t i o n  t im e s  
m ig h t  w e l l  have r e p r e s e n t e d  a t t e m p t s  by bo th  t h e  GCD and GCD s u b j e c t s  
t o  compensate f o r  an u n d e r l y i n g  p ro b le m .  However ,  t he  GCD group may 
have possessed the  s k i l l s  t o  compensate f o r  t he  p rob lem  w h i l e  t he  GCD 
g roup  may no t  (as f o r  exam p le ,  in  th e  use o f  p e r c e p t u a l  s k i l l s  t o  
compensate f o r  a p l a n n i n g  o r  memory p rob lem  o r  even s i m p l y  d e v o t i n g
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l o n g e r  t im e  to  an i n e f f i c i e n t l y  o p e r a t i n g  mechanism).  A l t e r n a t i v e l y ,  
t h e  GCD prob lem  may have been s i m i l a r  t o  b u t  l e s s  s eve re  than  th e  
GCD g roup  p rob lem . Both  groups  may have been a b l e  t o  compensate f o r  
t he  p ro b le m  t o  t he  same e x t e n t .  However ,  t h i s  may n o t  have been 
s u f f i c i e n t  f o r  th e  GCD group  t o  overcome t o t a l l y  i t s  more seve re  
p ro b le m .  An a l t e r n a t i v e  e x p l a n a t i o n  f o r  th e  d i f f e r e n c e s  between the  
C o n t r o l  and b ra in -dam aged  g roups  i s  t h a t  the l o n g e r  p r e p a r a t i o n  t im e  
d i d  n o t  r e f l e c t  com pensa to ry  a c t i v i t y  b u t  r a t h e r  was a s s o c i a t e d  w i t h  
b r a i n  damage pe r  se.  U n f o r t u n a t e l y ,  th e  a v a i l a b l e  e v id e n c e  does no t  
e n a b le  us t o  d i s t i n g u i s h  between these  a l t e r n a t i v e s .  Whatever  i n t e r ­
p r e t a t i o n  i s  g i v e n  t o  t h e  group  d i f f e r e n c e s  in  t i m i n g  th e y  do no t  
s u p p o r t  a s im p le  h y p o t h e s i s  t h a t  th e  GCD s u b j e c t s  possessed e x a c t l y  
t he  same c o p y in g  d i s o r d e r  as GCD s u b j e c t s  b u t  a c h ie v e d  normal  p e r f o r ­
mance by t a k i n g  l o n g e r .
12.4 CLASSIFICATION OF COPYING ABNORMALITY
In t h i s  i n v e s t i g a t i o n ,  as in  a lm o s t  a l l  s t u d i e s  o f  c o n s t r u c ­
t i o n a l  a p r a x i a ,  th e  c l a s s i f i c a t i o n  o f  d i s o r d e r  has been based on 
a c c u r a c y  measures.  However ,  ha v in g  shown t h a t  th e  b ra in -dam aged  
s u b j e c t s  d i f f e r  f rom th e  C o n t r o l  group  in  a t  l e a s t  one i ndex  o f  th e  
t i m i n g  o f  copy ing  b e h a v i o u r ,  i t  i s  o f  i n t e r e s t  t o  c o n s i d e r  t i m i n g  
as a b a s i s  f o r  th e  c l a s s i f i c a t i o n  o f  c o p y in g  a b n o r m a l i t y .
The f o l l o w i n g  a n a l y s i s  i s  c o n f i n e d  t o  t h e  complex m u l t i p l e  
f i g u r e s ,  s i n c e  the  o r i g i n a l  c l a s s i f i c a t i o n  o f  c o p y in g  adequacy was 
based on th ese  f i g u r e s .  Us ing  the  c u t - o f f  c r i t e r i a  o f  "more  ex t rem e 
than  t h e  most ex t reme C o n t r o l  s u b j e c t s " ,  i t  i s  p o s s i b l e  ( f o r  each o f  
t h e  f o u r  t i m i n g  i n d i c e s )  t o  c a t e g o r i z e  s u b j e c t s  i n t o  th o s e  w i t h  a
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"copy i ng - p r oce s s  d e f i c t "  (GCD^) and those  wi thou t  (GCD^). Table 
12-6 shows, for  each index,  the p r o p o r t i on  o f  GCD^  s u b j e c t s  in each 
o f  t he  GCD, GCD and combined brain-damaged groups .
TABLE 12-6
Number of  s u b j e c t s  per  group showing p roces s  abnormal i t y
1 ndex GCD group GCD group Lesion group
Total  t ime 1/14 2/11 3/25
Veloc i ty 1/14 1/13 2/27
I n i t i a l  pause 7/14 6/11 13/25
Maximum pause 0/14 2/13 2/17
I t  can be seen t h a t  most of  the  i nd i ce s  d id not  d i s t i n g u i s h  many 
s u b j e c t s  of  the brain-damaged groups .  However,  the  i n i t i a l  pause 
measure a lone i d e n t i f i e d  52% of  the  brain-damaged s u b j e c t s  (as did 
t he  accuracy  measure) .  As might  be expec t ed  from the a n a l y s i s  in 
the  preceding  s e c t i o n ,  the  p r o c e s s - d e f i c i t  p a t i e n t s  a r e  drawn approx­
imate ly  equa l l y  from the  two accuracy  groups .  This  c l e a r l y  demons t ra tes  
t h a t  whether  or  not  a s u b j e c t  i s  c l a s s i f i e d  as "abnormal"  w i l l  s t r o n g l y  
depend upon the p a r t i c u l a r  a s p e c t  o f  c o n s t r u c t i o n  which is  a s s e s se d .  
Thus,  t he  f a c t  t h a t  Consol i  (1979) found an a t y p i c a l  l a t e r a l i t y  
d i s t r i b u t i o n  of  c o n s t r u c t i o n a l  a p r ax i a  us ing a f requency o f  pause 
measure r a t h e r  than the  more t r a d i t i o n a l  accuracy  measure ,  is  not  
s u r p r i s i n g .
Al though t h i s  s tudy  is not  concerned wi th  the  use of  t e s t s  as 
d i a g n o s t i c  i n d i c a t o r s  of  o r ga n i c  damage,  the p r e s e n t  f i n d i n g s  do
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s u g g e s t  t h a t  c o p y in g  t e s t s ,  w i t h  measures o f  bo th  a c c u r a c y  and i n i t i a l  
p r e p a r a t i o n  t i m e ,  c o u ld  be a u s e f u l  a d d i t i o n  t o  a s c r e e n i n g  b a t t e r y  
d e s ig n e d  t o  d e t e c t  o r g a n i c  damage. Of c o u r s e ,  th e  c o p y in g  t e s t  used 
in  t h i s  s tu d y  i s  n o t  s u i t a b l e  in  i t s  p r e s e n t  fo rm  f o r  use in  th e  
c l i n i c  s i n c e  i t  has n o t  been a p p r o p r i a t e l y  v a l i d a t e d  and because th e  
s c o r i n g  t e c h n iq u e s  wou ld  be u n s u i t a b l e  in  a n o n - r e s e a r c h  c o n t e x t .  
However ,  i t  i s  i n t e r e s t i n g  t o  n o te  t h a t  o f  the  25 s u b j e c t s  f o r  whom 
b o th  a c c u ra c y  and i n i t i a l  pause measures were a v a i l a b l e  f o r  t h i s  t e s t ,  
80% showed a b n o r m a l i t i e s  in  one ,  o r  b o t h ,  o f  t h e  a c c u r a c y  and pause 
m easures .  I t  i s  i n t r i g u i n g  t h a t  such a l a r g e  p e rc e n ta g e  o f  s u b j e c t s  
( f o u n d  o u t s i d e  a r e h a b i l i t a t i o n  o r  s t r o k e  ward)  sh o u ld  show e v id e n c e  
o f  a b n o r m a l i t y  in  a t e s t  so a p p a r e n t l y  s i m p l e  as c o p y i n g .
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CHAFTER 13
OTHER FACTORS IN GRAPHICAL COPYING D IS A B IL IT Y
In t h e  p r e v i o u s  c h a p t e r s  i t  was found  t h a t  p a t i e n t s  w i t h  c o p y in g  
d i s a b i l i t y  showed im p a i r e d  p e r c e p t u a l ,  a t t e n t i o n a l  and p l a n n i n g  s k i l l s  
in  compar ison  w i t h  a g roup  o f  p a t i e n t s  w i t h o u t  c o p y in g  d i s a b i l i t y .
T h i s  c h a p t e r  i s  concerned  w i t h  w h e th e r  t h e r e  a re  d i f f e r e n c e s  between 
th ese  groups  a p a r t  f r om  d e f i c i t s  in  th ese  c o p y in g  and component s k i l l s .
One q u e s t i o n  o f  i n t e r e s t  i s  w h e th e r  the  GCD group  shows a d i s ­
t i n c t  p a t t e r n  o f  d e f i c i t  o r  w h e t h e r  t h e r e  i s  a d d i t i o n a l  im pa i rm en t  o f  
s k i l l s  w h ic h  a re  n o t  o b v i o u s l y  r e l a t e d  t o  c o p y i n g .  For  i n s t a n c e ,  i t  
i s  p o s s i b l e  t h a t  t he  GCD group  wou ld  p e r f o r m  more p o o r l y  than the  GCD 
group  on any t e s t  as a r e s u l t  o f  more " s e r i o u s "  b ra in - d a m a g e .  A n o th e r  
q u e s t i o n ,  w h ich  has been o f  p a r t i c u l a r  i n t e r e s t  t o  many p r e v i o u s  
i n v e s t i g a t o r s  (see C h a p te r  2 ) ,  i s  w h e t h e r  the  c o p y in g  d e f i c i t  i s  
a s s o c i a t e d  w i t h  a p a r t i c u l a r  l e s i o n  s i t e ,  s p e c i f i c a l l y ,  w h e t h e r  t h e r e  
i s  any e v id e n c e  o f  l a t e r a l i z a t i o n  o f  c o p y in g  f u n c t i o n .  F i n a l l y ,  i t  is  
i m p o r t a n t  t o  d e t e r m in e  w h e t h e r  t he  g roups  a re  dem og rap h ica 11y d i s t i n c t .  
For  examp le ,  th e  GCD g roup  may be l e s s  educa te d  than  the  GCD group  
w h ic h  may have r e s u l t e d  i n  d i f f e r e n c e s  in  c o p y i n g  a b i l i t i e s  f o r  th e  two
g r o u p s .
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These q ues t ions  are  addressed in t h i s  c h a p te r .  S ec t ion  13~1 
cons ide rs  the neu ro p sycho lo g ica l  s t a t u s  o f  each o f  the  th r e e  groups.
I t  examines performance on a wide v a r i e t y  o f  neu ro p s y c ho lo g ic a l  t e s t s  
ranging  f rom p e rc e p t io n  o f  p i t c h  to  t e s t s  o f  h i g h e r - c o g n i t i v e  f u n c t i o n ­
ing .  Sec t ion  13—2 c o ns ide rs  the n e u r o lo g i c a l  s t a t u s  o f  the  p a t i e n t s ,  
i n c l u d i n g  sensory and motor  f u n c t i o n  and l o c a l i z a t i o n  o f  l e s i o n s .
F i n a l l y ,  Sec t ion  13“ 3 i n v e s t i g a t e s  the  age and e du c a t ion a l  background 
o f  the  s u b je c t s  in each group.
13.1 NEUROPSYCHOLOGICAL STATUS
A b a t t e r y  o f  n e u ro p s y c ho lo g ic a l  t e s t s  was a d m in i s te re d  to  each 
s u b j e c t .  Th is  b a t t e r y  c o n s i s te d  o f  a wide v a r i e t y  o f  t e s t s  o f  f u n c t i o n .  
The t e s t s  were taken f rom a number o f  sources and were o f  the  s o r t  t h a t  
are commonly employed by the  n e u ro p s y c h o lo g i s t  when conduc t ing  a gen­
e ra l  n eu ropsycho log ica l  assessment in the  c l i n i c .  A summary d e s c r i p ­
t i o n  o f  the  t e s t s  appears below and a more d e t a i l e d  l i s t  o f  the i tems 
is  in c luded  in Appendix K. The source o f  each tas k  is  acknowledged 
where a p p r o p r i a t e .
13.1.1 Neu ropsycho log ica l  b a t t e r y
The n eu ro psycho log ica l  b a t t e r y  i n c o rp o ra te d  t e s t s  o f  the  f o l l o w ­
ing f u n c t i o n s :  language,  memory, s p a t i a l ,  body schema, p r a x i s ,  a r i t h ­
m e t i c ,  1o g i ca 1-g rammat ica 1 s t r u c t u r e s  and h ig h e r  c o g n i t i v e .  D e t a i l s  
o f  the general  a d m i n i s t r a t i o n  o f  the  b a t t e r y  are  g iven  in Chapter  3. 
Language
The Neurosensory Centre Comprehensive Examinat ion  f o r  Aphasia (NSCTA) 
(Spreen and Benton,  1969). The NSCTA is  a b a t t e r y  o f  20 s u b t e s t s ,  each 
assess ing a d i f f e r e n t  aspec t  o f  language.  Hei lman and V a le n s te i n  (1979) ,
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in reviewing the currently available language batteries, described 
the NSCTA as one of the two tests which are "superior to previous tests 
for diagnostic purposes and as research tools" (p. 35)*
Memory
Wechsler Memory Scale (Wechsler, 1945). This test consists of seven 
subtests which tap a variety of aspects of memory including personal 
and current information, rote memory, immediate memory (digit span), 
paired-associate learning, memory for prose and visual reproduction.
Face Recognition test. This test was devised especially for the 
present purpose and was included because the test of visual memory in 
the Wechsler Memory Scale involves drawing. The Face Recognition test 
did not involve a drawing component. It consisted of two phases:
1. matching; and 2. recognition. In the matching phase, the subject 
was shown 24 photographs of faces and asked to sort them into pairs 
of identical faces, there being two copies of each face. The subject's 
score on this task was the number of correctly matched pairs (this 
phase was intended as a control). In the recognition phase of the task, 
one copy of each of the faces used in the matching task, plus a further 
twelve new photographs previously unsighted by the subject, were pre­
sented singly and in random order to the subject. The subject was asked 
to indicate which faces he had seen previously (in the matching task) 
and which he had not seen before. The score on the recognition task was 
the number of correct responses.
Spatial
A number of routine tests of spatial/perceptual ability were admin­
istered in addition to the specialized experimental tests reported in 
previous chapters.
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M isce l l aneous  s p a t i a l  t e s t s . These were a v a r i e t y  o f  t e s t s  o f  s p a t i a l  
a b i l i t y .  U n l i k e  the expe r im en ta l  t e s t s ,  they d id  not  i n v o l v e  p e r ­
ceptual  d i s c r i m i n a t i o n .
They inc luded :
( i )  Obscured f i g u r e s  ( a f t e r  L u r i a ,  1973);
( i i )  Embedded f i g u r e s  ( L u r i a ' s  N eu ropsycho log ica l  I n v e s t i g a t i o n ;  
C h r is tensen  , 197*0 ;
( i i i )  Cube a n a l y s i s  ( L u r i a ' s  Neu ropsycho log ic a l  I n v e s t i g a t i o n ,
C h r i s t e n s e n , 197*0 ;
( i v )  Reading t ime ( L u r i a ' s  N eu ropsycho log ica l  I n v e s t i g a t i o n ,
C h r i s t e n s e n , 197*0 ;
(v) Compass d i r e c t i o n s  ( L u r i a ' s  N eu ropsycho log ica l  I n v e s t i g a t i o n ,  
Chri  s tensen ,  197*+) •
L e f t - r i g h t  O r i e n t a t i o n  (Goodglass & Kaplan,  1972) .  Th is  t e s t  c o n s i s ts  
o f  a s e r ie s  o f  i n s t r u c t i o n s  wh ich  in c lu de  reques ts  t o  i d e n t i f y  l e f t  and 
r i g h t  on the body o f  both the  s u b je c t  and the e xpe r im en te r  a t  the  same 
t ime ( e .g .  " P o i n t  w i t h  your  l e f t  hand t o  my l e f t  han d " ) ,  the  i d e n t i f i c a ­
t i o n  o f  l e f t  and r i g h t  on the e x p e r im e n t e r ' s  body a lone  (e .g .  "Show me 
my r i g h t  hand" ) ,  and the  i d e n t i f i c a t i o n  o f  l e f t  and r i g h t  on the sub­
j e c t ' s  own body a lone  ( e .g .  "Show me your l e f t  hand " ) .
Co lour  Naming. The s u b je c t  was asked t o  name 10 d i f f e r e n t  c o lo u r  ch ips  
and then to  p a i r  each w i t h  i t s  p a r t n e r  in an i d e n t i c a l  se t  o f  10 ch ip s .  
Body Schema
Body-par t  I d e n t i f i c a t i o n  (Goodglass & Kap lan,  1972) .  Th is  t e s t  
re q u i r e s  the s u b je c t  t o  p o i n t  t o  18 d i f f e r e n t  p a r t s  o f  h i s  own body 
w i t h  h is  eyes c lo se d .
In-between t e s t  (K insbourne & W a r r in g to n ,  1962) .  In t h i s  t e s t  o f
f i n g e r  g nos is ,  the e xpe r im en te r  touches two o f  the  s u b j e c t ' s  f i n g e r s .
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Wi th  h is  eyes c lo s e d ,  the  s u b je c t  is  r e q u i r e d  to  de te rm ine  the 
number o f  f i n g e r s  wh ich  l i e  between the  two which are being touched.
In a sepa ra te  Con tro l  c o n d i t i o n ,  the s u b je c t  is  a l s o  re q u i r e d  to 
respond when h is  eyes are open. H a l f  o f  the  t r i a l s  are on the l e f t  
hand and h a l f  on the  r i g h t  hand.^
Praxis
A prax ia  Tes t  (Goodglass & Kaplan,  1972).  In t h i s  t e s t ,  the s u b je c t  
is  i n s t r u c t e d  to  c a r r y  out  a c t i o n s  o f  v a r io u s  types i n c l u d i n g  
b u c c o - f a c i a l  ( e .g .  cough, ac t  as i f  b low ing  ou t  ma tch) ,  i n t r a n s i t i v e  
l imb ( e .g .  wave goodbye,  s a l u t e ) ,  t r a n s i t i v e  l imb ( e .g .  show how brush 
t e e t h ,  use s c r e w d r i v e r ) ,  and s e r i a l  a c t i o n s  ( "Pu t  a paper in an 
enve lo pe ,  seal i t  and stamp i t " ) .
Test  o f  Motor  O rg a n iz a t io n  ( f rom L u r i a ' s  N eu ropsycho log ica l  I n v e s t i g a t i o n ,  
C h r i s te n s e n ,  197^0* Three t e s t s  o f  motor  a l t e r n a t i o n  were used. The 
f i r s t  i n v o lv ed  copy ing an a l t e r n a t i n g  g ra p h ic a l  p a t t e r n .  The second 
in v o lv e d  the  repeated a l t e r n a t i o n  o f  t h r e e  p o s i t i o n s  o f  a hand and 
the t h i r d  an a l t e r n a t i o n  o f  dual hand p o s i t i o n s .  Breakdown o f  the 
a l t e r n a t i o n  p a t t e r n  and re v e rs io n  to  s te re o ty p e d  responses were noted.  
Arithmetic
The A r i t h m e t i c  t e s t  in vo lved  s imp le  a d d i t i o n s ,  s u b t r a c t i o n s ,  d i v i s i o n s  
and m u l t i p l i c a t i o n s .  The i tems in c luded  examples o f  c a r r y - o v e r ,  com­
b ined  o p e r a t i o n s  ( e .g .  a d d i t i o n  and s u b t r a c t i o n ) ,  f r a c t i o n s ,  b ra c k e ts ,  
problems in which i t  was necessary to  o r d e r  o p e r a t i o n s  c o r r e c t l y ,  and
Kinsbourne and W arr ing ton  (1962) do not  p ro v id e  d e t a i l s  o f  t r i a l s  
employed in t e s t i n g .  Since th e re  are  10 p o s s i b l e  ways o f  touch ing  
two f i n g e r s  o f  one hand, each o f  these was used once f o r  each hand. 
The same random o r d e r  o f  ten t r i a l s  was used f o r  each s u b j e c t  ( l e f t  
and r i g h t  hand o rd e rs  being the reve rse  o f  each o t h e r ) .
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one problem involving the solution of an unknown. Some of the items 
were drawn from Christensen (197^; Luria's Neuropsychological Investiga­
tion) .
Logical-Grammatical Structures
Patients without obvious aphasic disturbances show difficulty in 
processing sentences involving complex abstract relations (Luria, 1966, 
1973). A selection of items from the Christensen (197^; Luria's 
Neuropsychological Investigation) test of Logical-Grammatical Struc­
tures was cho'en to test this aspect of functioning. I terns included 
questions such as "Will you tell me whether the ‘father’s brother1 
and the ‘brother’s father’ are two persons or one and the same person?" 
"Which boy is shorter if John is taller than Peter?", and "Which girl 
is fairest if Olga is fairer than Kate but darker than Sonia?".
Higher Cognitive Function
(a) Premorbid Cognitive Ability.
Information subtest (Wechsler Adult Intelligence Scale (WAIS); 
Wechsler, 1955). In the absence of direct information concerning 
each subject’s premorbid ability, the Information subtest of 
the WAIS (a test of general knowledge) was employed as an indicator 
of premorbid ability. Although brain damage can lead to lowered 
scores on this test, it is one of the WAIS tests which is most 
resistant to organic damage (Lezak, 197&).
(b) Current cognitive ability
Verbal tests. A wide range of verbal cognitive tests were 
employed in an effort to assess current cognitive ability.
These included the following six tests.
(i) Proverb Interpretation. A series of five proverbs drawn
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from the Comprehension subtest of the WAIS and from Strub and 
Black (1977, p. 110).
(ii) Similarities. Five questions were chosen from the WAIS 
Similarities subtest. The task requires the subject to 
specify how two items are similar (e.g. "What is similar about 
an orange and a banana?").
(iii) Conceptual Series Completion (Strub S Black, 1977, p. 115)- 
This test consisted of a series of four tasks in which the 
subject was required to complete a series of numbers, letters 
or number letter combinations by extracting the relevant 
pattern of the series.
(iv) Analogies (Luria's Neuropsychological Investigation, Christensen, 
197*0. There were six analogy questions for which the sub­
ject was required to choose the appropriate analogous word 
(e.g. "Good is to...as high is to low").
(v) Categorical intelligence (Luria's Neuropsychological Investiga­
tion, Christensen, 197*0* This test consisted of four items.
For each item, the subject was shown and read four words and 
was required to select the item which did not belong to the 
group (e.g. saw, axe, spade, log).
(vi) Arithmetical Problems (Luria's Neuropsychological Investigation; 
Christensen, 197*+) • This test consisted of seven questions 
involving arithmetic but expressed in the form of a problem.
The items ranged from simple problems (e.g. "Peter had two 
apples and John had six apples. How many did they have all 
together?") to complex problems (e.g. "A pencil is 6 inches 
long; the shadow of this pencil is 18 inches longer than the 
pencil. How many times longer than the pencil is the shadow?").
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The items were both read aloud and presented in written 
form to subjects.
Non-verbal test
The task employed as a non-verbal test of cognitive ability 
was the Weigl Colour-form sorting task (Goldstein S Scheerer,
19*+1) • In this test the subject is required to categorize 
forms of varying shape and colour. The basis for categoriza­
tion is selected by the subject. When the first sort is 
complete the subject is asked to sort the objects again on 
some other basis.
Perception and Reproduction of Pitch
This test (after Luria's Neuropsychological Investigation; Christensen, 
197*0 consisted of a series of recorded items designed to assess the 
subject's ability to discriminate between notes of different pitch 
(e.g. "Are these tones the same? If not, which is higher?") and to 
reproduce pitch accurately ("Sing this note").
Perception and Reproduction of Rhythm
This test (after Luria's Neuropsychological Investigation; Christensen, 
197*+) consisted of a series of recorded items designed to assess the 
subject's ability to process and produce different rhythmical patterns 
(e.g. "How many taps do you hear?". "Are these rhythms the same?"
"Copy this rhythm").
Miscellaneous
Simple Reaction Time. The test of simple reaction time involved the 
presentation of a single red light to which the subject was required to 
respond as quickly as possible by pressing a button. There were 10 
practice trials and 50 experimental trials. Two measures of re­
action time were computed. These were (1) the mean and (2) the
11b
standard deviation of response times for the fifty experimental 
trials.
Reitan Trail Making test. Numbers and/or letters are distributed 
randomly on a page and the subject is asked to join them. In part 
(a) of the task, only numbers appear on the page and the subject is 
asked to join them in ascending order. In part (b) of the task, 
numbers and letters appear on the page and the subject is required to 
join them by alternating between consecutive numbers and letters 
(e.g. 1-A-2-B...). The test has been proposed as a useful screening 
task for assessing organic damage (see Lezak, 1976; Walsh, 1978) 
and has been regarded as a measure of attention and the ability to 
engage in complex mental tracking (Lezak, 1976).
Annett Handedness Questionnaire (Annett, 1967). This test requires 
the subject to indicate which hand he used to complete a variety of 
every-day activities. It is designed to assess the subject's pre­
ferred hand.
i 3•1.2 Results
In the interests of brevity, a summary only, of the findings 
for each test will be presented here. Individual data, the statistical 
analyses conducted for each test, and their outcome are presented in 
Appendix K. Some tests could not be administered to certain subjects 
because of aphasic disturbance or difficulties with the English 
language. Appendix K identifies the tests omitted for the subjects 
concerned and provides the reason for the omission.
Language
There were no statistical differences between the GCD and GCD 
groups on any of the language tests. Four subjects showed definite 
evidence of language disturbances on the NSCTA. Two of these were
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from the GCD group and two from the GCD group. The pattern and 
severity of disturbance differed somewhat between subjects. However, 
all showed evidence of expressive defects in spoken and written 
language and all performed poorly on the Token test (said to be a 
subtle test of comprehension). Both of the GCD subject, in contrast 
to the two GCD subjects performed adequately on the subtest requiring 
the comprehension of spoken names of familiar objects. The most 
impaired aphasic (who performed below the 20th percentile for aphasic 
patients on most tasks) was from the GCD group.
Memory
The GCD and GCD groups did not differ in performance on the 
Personal and Current Information, Orientation, Mental Control, Logical 
Memory, Digit span or Associate Learning subtests of the Wechsler 
Memory Scale. However, both brain-damaged groups were inferior to 
the Control group on the Logical Memory subtest.
The only Wechsler Memory subtest for which the GCD group was 
inferior to the GCD group was Visual Reproduction. This is a not 
unexpected finding in view of the copying problems of the former group. 
The GCD group was also significantly worse than the GCD or Control 
groups on the Face Recognition test. However, this finding must be 
viewed in the context of the finding that the GCD group were also 
significantly worse than the GCD group in matching the faces. It is 
possible that the poor performance on the visual memory task may have 
been due to this perceptual deficit.
Spatial
A combined spatial score was obtained by summing scores for the 
Obscured figures, Embedded figures, Cube analysis, Reading Time and 
Direction subtests. The GCD group obtained a significantly lower
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s p a t i a l  s c o r e  than  d i d  th e  GCD o r  C o n t r o l  g ro u p s .  The l a t t e r  groups 
d i d  n o t  d i f f e r  f rom  each o t h e r .  The i n d i v i d u a l  s u b t e s t  r e s u l t s  g e n e r ­
a l l y  showed the  same p a t t e r n  as t h e  t o t a l  s p a t i a l  s c o r e .
There  were no s i g n i f i c a n t  d i f f e r e n c e s  between any o f  the  groups  
in  t h e  a b i l i t y  t o  i d e n t i f y  L e f t  and R i g h t  on S e l f  o r  O t h e r .  The t e s t s  
o f  c o l o u r  i d e n t i f i c a t i o n  and d i s c r i m i n a t i o n  d i d  n o t  show any d i f f e r e n c e s  
between g roups  in  naming o r  m a tc h in g  c o l o u r s .
Body Schema
There  was no d i f f e r e n c e  between the  groups  in  a b i l i t y  t o  i d e n t i f y  
body p a r t s .  (The b ra in -dam aged  p a t i e n t s  w i t h o u t  a p h a s ia  d i d  n o t  appear  
t o  e x p e r i e n c e  any m a jo r  d i f f i c u l t y  in  l o c a t i n g  d i f f e r e n t  p a r t s  o f  t h e i r  
own b o d i e s . )  F u r t h e r m o r e ,  t h e r e  was n o t  a s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e  in  t h e  number o f  GCD and GCD s u b j e c t s  w i t h  f i n g e r  agnos ia  
a l t h o u g h  f i v e  o f  th e  s i x  b ra in -dam ag ed  s u b j e c t s  w i t h  f i n g e r  agnos ia^ 
came f r om  the  GCD g ro u p .  The GCD group  was n o t  s i g n i f i c a n t l y  worse 
than  th e  C o n t r o l  g roup  and the  GCD group  d i d  n o t  d i f f e r  f r om  the  C o n t r o l  
g ro u p .
None o f  t h e s e  p a t i e n t s  had been d iagno sed  as p o s s e s s in g  f i n g e r  agnos ia  
on r o u t i n e  c l i n i c a l  e x a m i n a t i o n .  For  t he  p r e s e n t  p u r p o s e s ,  " f i n g e r  
a g n o s i a "  was d e f i n e d  as a p e r fo rm anc e  on the  In -be tw een  t e s t  t h a t  was 
w orse  th an  the  w o r s t  C o n t r o l  p e r fo rm a n c e  ( c l o s e d - e y e s ) .  I t  m ig h t  a l s o  
be no te d  t h a t ,  a l t h o u g h ,  in  the  m a j o r i t y  o f  s u b j e c t s  bo th  hands were 
t e s t e d ,  o n l y  e r r o r s  f o r  the  hand i p s i l a t e r a l  t o  the  s u b j e c t ' s  l e s i o n  
were a n a l y s e d .  T h i s  was because t h e r e  was a tendency  f o r  the  
b ra in -dam ag ed  s u b j e c t s  t o  show a d i f f e r e n c e  in  e r r o r  s co res  f o r  the  two 
hands t h a t  may w e l l  have been a t t r i b u t a b l e  t o  a senso ry  l o s s  no t  
d e t e c t e d  on g ro s s  n e u r o l o g i c a l  s c r e e n i n g  and s i n c e ,  o f  c o u r s e ,  a 
number o f  t he  s u b j e c t s  w i t h  se n s o ry  l o s s  on one hand c o u ld  be t e s t e d  
o n l y  on th e  hand i p s i l a t e r a l  t o  t h e  l e s i o n .
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Praxis
The GCD and GCD groups did not  d i f f e r  s i g n i f i c a n t l y  on the 
Goodglass and Kaplan t e s t  o f  P rax i s  and they did not  d i f f e r  s i g n i f ­
i c a n t l y  from the Control  group.  Fur thermore ,  t h e r e  was no convinc ing  
ev idence  t h a t  the GCD and GCD groups d i f f e r e d  in t h e i r  per formance on 
the Lur ia  Motor -Organ iza t ion  t e s t  a l t hough  the GCD (but  not  the GCD) 
group made more e r r o r s  on the t a sk .
A r ith m e tic
The GCD group was s i g n i f i c a n t l y  worse than the  GCD and Control  
groups on the  Ar i t h me t i c  t e s t .  There was no d i f f e r e n c e  between the  
GCD and Control  groups on the  t e s t .
L o g ica l- G ram m atical-Struetures
The f i n d i ng s  on t he  L o g i ca l - Gr amm a t i ca l - S t ru c t u r es  t e s t  were 
eq u i vo c a l .  There was not  a s t a t i s t i c a l  d i f f e r e n c e  in per formance between 
the GCD and GCD groups on t h i s  t e s t .  However,  the  GCD group was s i g n i f ­
i c a n t l y  worse than the Control  group whi l e  the  GCD group was no t .
C ognitive  A b i l i t y
There was no s i g n i f i c a n t  d i f f e r e n c e  between the Con t r o l ,  GCD 
and GCD groups in per formance on the  WAIS Informat ion s u b t e s t  ( the  
t e s t  employed as an i n d i c a t o r  o f  premorbid a b i l i t y ) .
However,  the GCD group were s i g n i f i c a n t l y  poorer  than the  o t h e r  
two groups on the  o t h e r  Verbal  Cogni t i ve  t a s k s .  The Control  and GCD 
groups did not  d i f f e r  from each o t h e r  in c o g n i t i v e  a b i l i t y .  The o u t ­
come for  the non-verbal  t e s t  o f  c o g n i t i v e  a b i l i t y ,  the Weigl s o r t i n g  
t a s k ,  was s i m i l a r .  Thus,  more GCD than GCD s u b j e c t s  f a i l e d  the t e s t
F a i l u r e s  on the g r ap h i c a l  i tem of  the  Motor -Organ iza t ion  t e s t  were not  
due to d i f f i c u l t y  in forming the s i n g l e  shapes  compr i s ing the  p a t t e r n .
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w h i l e  t h e r e  was no d i f f e r e n c e  between the  GCD and C o n t r o l  p e r fo r m a n c e .  
However ,  t he  d i f f e r e n c e  between t h e  GCD and C o n t r o l  s u b j e c t s  d id  n o t  
a t t a i n  s i g n i f i c a n c e .
Pitch
The GCD group was s i g n i f i c a n t l y  worse than  t h e  C o n t r o l  o r  GCD 
groups  on the  P e r c e p t i o n  and P r o d u c t i o n  o f  P i t c h  t e s t .  The re  was no 
d i f f e r e n c e  between t h e  C o n t r o l  and GCD g roups  on th e  t e s t .
Rhythm
GCD s u b j e c t s  p e r fo rm ed  more p o o r l y  than  t h e  GCD o r  C o n t r o l  
s u b j e c t s  on t h e  rhy thm t a s k .  The GCD and C o n t r o l  g roups  d i d  no t  
d i f f e r  in  t h e i r  pe r fo rm a n c e  on t h e  t a s k .  The same p a t t e r n  o f  r e s u l t s  
a p p l i e d  when the p e r c e p t u a l  i tems were a n a l y s e d  a l o n e .
Miscellaneous
S im p le  r e a c t i o n  t i m e . The GCD and GCD groups  d i d  n o t  d i f f e r  s i g n i f ­
i c a n t l y  in  mean s i m p l e  r e a c t i o n  t i m e .  However ,  t he  GCD g roup  was 
s i g n i f i c a n t l y  s l o w e r  t han  th e  C o n t r o l  g roup  w h i l e  th e  GCD and C o n t r o l  
g roups  d i d  n o t  d i f f e r  in  mean r e a c t i o n  t i m e .  F u r t h e r m o r e ,  response 
t im e s  f o r  a g i v e n  i n d i v i d u a l  were s i g n i f i c a n t l y  more v a r i a b l e  f o r  
GCD s u b j e c t s  than  GCD o r  C o n t r o l  s u b j e c t s .  The GCD and C o n t r o l  s u b j e c t s  
d i d  n o t  d i f f e r  in  t h i s  r e s p e c t .
Re? ta n  T r a i 1 M a k in g . The g roups  d i d  n o t  d i f f e r  in  e r r o r s  f o r  p a r t  (a) 
o f  t h i s  t a s k  a l t h o u g h  t h e  GCD group  to o k  l o n g e r  than the  GCD and 
C o n t r o l  g roups  and th e  GCD group  to o k  l o n g e r  than  the  C o n t r o l  g r o u p .
The GCD group  made more e r r o r s  than  t h e  C o n t r o l  g roup  on the  
more com p lex ,  p a r t  (b) T r a i l  Making t a s k .  However ,  t he  GCD and GCD 
d i d  n o t  d i f f e r  s i g n i f i c a n t l y  in  e r r o r s  and no r  d i d  t h e  GCD and C o n t r o l  
g roups  d i f f e r .  Only  t h e  GCD and C o n t r o l  g roups  d i f f e r e d  in  t h e  t im e  
t o  c o m p le te  t he  t a s k .
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A n n e t t  Handedness Q u e s t i o n n a i r e . A l l  b u t  one s u b j e c t  was r i g h t  
handed a c c o r d i n g  to  t he  A n n e t t  Q u e s t i o n n a i r e .  T h i s  " l e f t - h a n d e d "  
s u b j e c t  used h i s  r i g h t  hand when w r i t i n g ,  b u t  pe r fo rm ed  most o t h e r  
a c t i v i t i e s  w i t h  h i s  l e f t  hand.
1 3 . 1 . 3  D i s c u s s io n
The f o l l o w i n g  p a t t e r n s  emerge f rom  an a n a l y s i s  o f  t h e  genera l  
n e u r o p s y c h o l o g i c a l  p e r fo r m a n c e .
(1)  The GCD group  was worse than  the  GCD g roup  on bo th  
p e r c e p t u a l  and c o g n i t i v e  t a s k s ,  w h i l e  t he  GCD group d i d  n o t  d i f f e r  f rom  
th e  C o n t r o l  g roup .  The p e r c e p t u a l  prob lems  were n o t  l i m i t e d  to
v i s u a 1- s p a t i a  1 p r o c e s s i n g  b u t  were a l s o  e v i d e n t  in  the  p e r c e p t u a l  
p r o c e s s i n g  o f  rhy th m .
(2) The GCD and GCD groups  d i d  n o t  d i f f e r  in  t he  m a j o r i t y  o f  
language and v e r b a l  memory t a s k s .  In a d d i t i o n ,  on a number o f  memory 
s u b t e s t s  n e i t h e r  group d i f f e r e d  f r om  the  C o n t r o l  g ro u p .  However , 
bo th  groups were i n f e r i o r  t o  th e  C o n t r o l  group on the  L o g i c a l  Memory 
s u b t e s t  o f  the W echs le r  Memory s c a l e  and s e v e r a l  s u b j e c t s  in  each 
b ra in -dam ag ed  group  showed im p a i rm e n t  on t h e  NSCTA language t e s t .
(3) There was no c l e a r  e v id e n c e  o f  d i f f e r e n c e s  in  p r a x i s  f o r  
t he  t h r e e  g ro u p s .
(A) The groups d i d  n o t  d i f f e r  in  g e n e ra l  know ledge .
(5)  The GCD group s u b j e c t s  showed s i g n i f i c a n t l y  more v a r i a b l e  
( w i t h i n  s u b j e c t )  r e a c t i o n  t im e  and l o n g e r  c o m p l e t i o n  t im es  f o r  the 
s im p le  T r a i l  Making t a s k  than the  GCD group b u t  d i d  no t  d i f f e r  f rom 
the  GCD group in  mean s im p l e  r e a c t i o n  t i m e ,  o r  i n  th e  number o f  e r r o r s  
on the T r a i l  Making t e s t s .  However ,  t he  GCD group  d i d  d i f f e r  f rom the
C o n t r o l  in  th ese  ta s k s  w h i l e  th e  GCD group d i d  n o t .
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The i n t e r p r e t a t i o n  o f  the p a t t e r n  o f  d e f i c i t s  d isp la yed  by the  
brain-damaged p a t i e n t s  is complex. In some cases,  both groups d is p la y  
d e f i c i t s ,  in some cases n e i t h e r  group does, and in o thers  only  the  
G C D  group shows a d e f i c i t .  We may adopt the f o l l o w i n g  p r i n c i p l e s  
in i n t e r p r e t i n g  these r e s u l t s :
( i )  any d e f i c i t  shown by e i t h e r  p a t i e n t  group is presumably 
due to the a f f e c t  o f  the b r a in  le s i o n ;
( i i )  i f  t h i s  d e f i c i t  is the same f o r  the GCD and GCD groups,
i t  is not c a u s a l l y  r e l a t e d  to  the drawing d e f i c i t  d isp la yed  
by the GCD group (s in ce  the d e f i c i t  concerned did not ,  
by d e f i n i t i o n ,  produce a drawing d e f i c i t  in the GCD group) ;
( i i i )  a d e f i c i t  shown by the GCD group but not the GCD group
could be c a u s a l l y  r e l a t e d  to  the copying d e f i c i t .  However,  
the  r e l a t i o n s h i p  might  be p u re ly  c o n t i n g e n t .  That  i s ,  
both d e f i c i t s  might  a r i s e  from the les io n  but  the fu n c t io n s  
concerned might  be independent.
On t h i s  basis i t  would be p o ss ib le  to conclude from r e s u l t  (1)  
t h a t  the perceptua l  and c o g n i t i v e  d e f i c i t s  demonstrated in the neuro­
p sycho lo g ic a l  assessment o f  the GCD group are  each c a u s a l l y ,  or a t  
l e a s t ,  c o n t i n g e n t l y  r e l a t e d  to copying d e f i c i t .  The conc lus ion  t h a t  
the GCD group is p e r c e p t u a l l y  impaired is o f  course c o n s is t e n t  w i th  
the la rg e  body o f  data provided  by the experim enta l  t e s t s  which have 
been rep o r ted  in the preceding ch a p te r s .  A hypothes is  t h a t  th e re  is 
a causa 1 connect ion between the perceptua l  and copying problems would 
have c o n s id erab le  face  v a l i d i t y .  The f i n d i n g  t h a t  the perceptua l  
problems o f  the GCD group were not l i m i t e d  to  the v is u a l  m o d a l i ty  is 
c o n s is t e n t  wi t h  work reported  by Dee and Benton (1970)  who found im­
p a i red  t a c t i l e  d i s c r i m i n a t i o n  in c o n s t r u c t i o n a l  a p r a x i c s .
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The f i n d i n g  t h a t  th e  GCD group  i s  i n f e r i o r  t o  t h e  GCD group on 
h i g h e r - l e v e l  c o g n i t i v e  t a s k s  i s  c o n s i s t e n t  w i t h  t h e  e a r l i e r  f i n d i n g  
t h a t  t h e  GCD group was i n f e r i o r  t o  t he  GCD group  on a s i m p l e  t e s t  o f  
p l a n n i n g  (C hap te r  10 ) .  When ta ken  in  c o m b i n a t i o n  w i t h  r e s u l t  ( 3 ) ,  
w h i c h  d e m o n s t ra te d  t h a t  t h e  GCD g roup  pe r fo rm ed  as w e l l  as t he  o t h e r  
g roups  on a t e s t  w h ic h  i s  o f t e n  used as an i n d i c a t o r  o f  p rem orb id  
i n t e l l e c t u a l  a b i l i t y ,  t he  r e s u l t  i s  c o n s i s t e n t  w i t h  da ta  p u b l i s h e d  
by Benton (1962 ,  19 6 9 ) showing t h a t  a l a r g e  p e rc e n ta g e  o f  c o n s t r u c t i o n a l  
a p r a x i c s  s u f f e r  f rom  s i g n i f i c a n t  men ta l  i m p a i r m e n t .  Benton (1969) 
c o n c lu d e d  t h a t  t he  r e l a t i o n s h i p  was c o n t i n g e n t  r a t h e r  than c a u s a l .
The i n t e r p r e t a t i o n  o f  r e s u l t  (2) must be t h a t  language  and 
ve rb a  1-memory d i f f i c u l t i e s  do n o t  u n d e r l i e  c o p y in g  d i s a b i l i t y .  A p r i o r i  
t h i s  w ou ld  n o t  seem a s u r p r i s i n g  f i n d i n g .  However ,  Benton (1973) 
has sugges te d  t h a t  some c o n s t r u c t i o n a l  d i s a b i l i t i e s  may be m ed ia ted  
by language  d i f f i c u l t i e s .  In p a r t i c u l a r ,  Benton (1973)  and Arena 
and G a i n o t t i  (1978)  r e p o r t e d  an a s s o c i a t i o n  between r e c e p t i v e  a p h a s ia  
and c o n s t r u c t i o n a l  a p r a x i a  in  l e f t  hem isphere  p a t i e n t s .  The re  was no 
e v id e n c e  in  t h i s  s t u d y  o f  an a s s o c i a t i o n  between r e c e p t i v e  aphas ia  
and c o p y in g  d i s a b i l i t y .  Of c o u r s e ,  in  t h e  p r e s e n t  s t u d y ,  t h e  p e r c e n ­
ta g e  o f  s u b j e c t s  w i t h  a p h a s ia  was t o o  sma l l  t o  b e g in  t o  c o n s i d e r  t he  
r o l e  o f  r e c e p t i v e  a p h a s ia  a t  a s t a t i s t i c a l  l e v e l .  N e v e r t h e l e s s  i t  i s  
i n t e r e s t i n g  t h a t  t he  most s e v e r e l y  r e c e p t i v e - a p h a s i c  s u b j e c t  in t he  
s t u d y  (Token t e s t :  161h p e r c e n t i l e  a p h a s i c  norm g r o u p ;  I d e n t i f i c a t i o n
o f  o b j e c t  names: 14th p e r c e n t i l e  a p h a s 1c norm g roup )  was n o t  a member
o f  t h e  GCD g ro u p .  C l e a r l y  t h e n ,  r e c e p t i v e  a p h a s ia  does n o t  n e c e s s a r i l y  
lead  t o  c o p y in g  d i s a b i l i t y  in  l e f t  hem isphe re  p a t i e n t s .
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From r e s u l t  (3) i t  can be c o n c lu d e d  t h a t  t h e r e  i s  l i t t l e  e v id e n c e  
t h a t  t h e  c o p y in g  p rob lem s  o f  t h e  GCD g roup  can be e x p l a i n e d  by a 
g e n e r a l  a p r a x i a .  T h i s  s u p p o r t s  t he  e x p e r i m e n t a l  f i n d i n g s  w h ich  
sug g e s te d  no e v id e n c e  o f  g ro s s  m o to r  a b n o r m a l i t i e s  in  the g roup .
F i n a l l y ,  th e  f a c t  t h a t  r e a c t i o n  t im e  was more v a r i a b l e  f o r  t he  
GCD g roup  than  th e  GCD g roup  and l o n g e r  f o r  t he  P a r t  (a) o f  the  T r a i l  
Making t a s k  ( r e s u l t  ( 5 ) ) ,  i s  u n l i k e l y  t o  be in  i t s e l f  a cause o f  t h e  
c o p y i n g  d i f f i c u l t y .  However ,  i t  i s  p o s s i b l e  t h a t  an a t t e n t i o n a l  
d e f e c t  u n d e r l i e s  bo th  t h e  c o p y in g  and r e a c t i o n  t im e  r e s u l t s .
The q u e s t i o n  was r a i s e d  a t  th e  b e g i n n i n g  o f  t h i s  c h a p t e r  as t o  
w h e t h e r  t h e  GCD group  was s i m p l y  t he  s u b - g r o u p  o f  f o c a l  l e s i o n  p a t i e n t s  
w i t h  t h e  more s e r i o u s  b r a i n  damage. Some a u t h o r s  ( e . g .  A r r i g o n i  &
De R e n z i ,  1964) have used mean s i m p l e  r e a c t i o n  t im e  as an index  o f  
s e v e r i t y  o f  b r a i n  damage. S ince  the  d i f f e r e n c e  between mean r e a c t i o n  
t im e s  f o r  t h e  GCD and GCD groups  f a i l e d  t o  a t t a i n  s t a t i s t i c a l  s i g n i f ­
i c a n c e ,  t h e r e  was no c l e a r  e v id e n c e  o f  a d i f f e r e n c e  in  s e v e r i t y  
( u s i n g  t h i s  i n d e x ) .  However ,  th e  r e s u l t s  were somewhat e q u i v o c a l ,  
s i n c e  th e  GCD b u t  n o t  t h e  GCD g roup  d i f f e r e d  f rom the C o n t r o l  group 
in  mean s im p le  r e a c t i o n  t i m e .  In f a c t ,  t h e  use o f  r e a c t i o n  t im e  as 
an i n d e x  o f  s e v e r i t y  i s  q u e s t i o n a b l e .  For  i n s t a n c e ,  B u t t e r s  and 
B a r to n  (1970)  found no r e l a t i o n s h i p  between r e a c t i o n  t im e  and s i z e  o f  
l e s i o n .
Of c o u r s e ,  i t  c o u ld  be s a i d  t h a t  t h e  GCD g roup  s u f f e r e d  more s eve re  
f u n c t i o n a l  im pa i rm en t  th an  th e  GCD g r o u p ,  in  t h a t  t h e y  showed i m p a i r ­
ment o f  more f u n c t i o n s  th a n  th e  GCD g r o u p ,  and t h e r e  was no e v id e n c e  
o f  d o u b le  d i s s o c i a t i o n  o f  f u n c t i o n  ( i . e .  t he  GCD g roup  a r e  n o t  worse 
than  th e  GCD group  on any t a s k s ) .  However ,  t h e  r e s u l t s  c e r t a i n l y  do 
n o t  show a c o n s i s t e n t l y  p o o r e r  p e r fo rm a n c e  f o r  t h e  GCD group  on a l l
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t a s k s  and in f a c t  th e  GCD and GCD g roup  show s i m i l a r  pe r fo rm ances  
on a v a r i e t y  o f  ta s k s  in  the  b a t t e r y .  Thus ,  even i f  t he  GCD group 
does s u f f e r  more s eve re  b ra in - d a m a g e ,  i t  shows a c o h e r e n t  p a t t e r n  
o f  s e l e c t i v e  d e f i c i t s  r a t h e r  than an a c r o s s - t h e - b o a r d  im pa i rm en t  o f  
a 11 f u n c t i o n s .
13.2 NEUROLOGICAL STATUS
The n e u r o l o g i c a l  c h a r a c t e r i s t i c s  o f  th e  b ra in -dam ag ed  groups  
were documented in  C h a p te r  3.  T h i s  s e c t i o n  examines t h e s e  c h a r a c t e r ­
i s t i c s  f o r  the  GCD and GCD g roups  s e p a r a t e l y .  In p a r t i c u l a r ,  i t  
c o n s i d e r s  the d i s t r i b u t i o n  o f  s e n s o ry  and m o to r  d e f e c t s ,  t he  p a t h o l o g y  
and h e m i s p h e r i c  l o c a l i z a t i o n  o f  l e s i o n s  and the  p e r i o d  e la p s e d  between 
s u r g e r y  and e x p e r i m e n t a l  t e s t i n g  f o r  each o f  th e  g ro u p s .
13 .2 .1  R e s u l t s
Neurological defects
The d i s t r i b u t i o n s  o f  m o t o r ,  s o m a e s t h e t i c  and v i s u a l  d e f e c t s  f o r  
the  C o n t r o l ,  GCD and GCD groups  a r e  each summarized in  T a b le  13~ 1•
TABLE 13-1
P e rcen tag e  o f  s u b j e c t s  showing m o to r  and 
s e n s o ry  d e f e c t s
DEFECT
Group M oto r S o m a e s t h e t i c M i s u a 1
GCD (n = 13) 38% 31* 8%
GCD (n = 14) 5 7 % x > % b y / o
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F i s h e r  exact p r o b a b i l i t y  tests s h o wed no s i g n i f i c a n t  d i f f e r e n c e  
b e t w e e n  the groups in any of the def e c t s  (p > .05 in each case).
Pathology
The lesions w e r e  c l a s s i f i e d  a c c o r d i n g  to p a t h o l o g y  into gross 
c a t e g o r i e s :  " v a s c u l a r " ,  " n e o p l a s m "  and "other". The n u m ber of s u b ­
j e c t s  in the GCD and GCD gro u p s  for each p a t h o l o g y  c a t e g o r y  is p r e s e n ­
ted in T a b l e  13“ 2.
T A B L E  13-2
F r e q u e n c y  of p a t h o l o g y  types
PA T H O L O G Y
Group T u m o u r V a s c u 1ar O t h er
GCD 7 7 0
GCD- 1 9 3
Most o f  the tumour cases (both b e n i g n  and invasive) showed c o p ying 
d e f i c i t s  w h i l e  o n l y  h al f of the v a s c u l a r  cases did so. However, this 
a p p a r e n t  d i f f e r e n c e  did not a t t a i n  statist ical s i g n i f i c a n c e  (Fisher 
p > .05).
Localization
The d i s t r i b u t i o n  of left and right h e m i s p h e r e  p a t i e n t s  in 
ea c h  of the b r a i n - d a m a g e d  g r o ups is p r e s e n t e d  in T a b l e  13 ~ 3.
285
TABLE 13-3
Frequency of 1e f t - a n d - r  i ght  hemisphere p a t i e n t s
in the GCD and GCD groups
Group
SIDE OF LESION
Lef t  hemisphere Right  hemisphere
GCD 7 6
GCD k 10
The r a t i o  of  r i g h t - h emi s ph e r e  to l e f t - h e m i s p h e r e  g r aph i c a l  copying 
d i s o r d e r  was 1.7 to 1. A F i she r  t e s t  f a i l e d  to  y i e l d  a s i g n i f i c a n t  
d i f f e r e n c e  in t he  p r op o r t i o n  o f  l e f t  and r i g h t  hemisphere p a t i e n t s  in 
the  GCD and GCD groups .
The mean GCD i nd i ce s  for  the  r i g h t  and l e f t  hemisphere GCD groups 
were 1.86 and 2.11 r e s p e c t i v e l y .  S t a t i s t i c a l  t e s t i n g  showed no 
s i g n i f i c a n t  d i f f e r e n c e s  between i nd i ce s  f o r  t he s e  two GCD groups .  
\Mann-Whitney = .85,  p > . 05 ) .
U n f o r t u n a t e l y ,  i t  i s  not  p o s s i b l e  t o  i n v e s t i g a t e ,  in any d e t a i l ,  
the i n t r a h e m i s p h e r i c  d i s t r i b u t i o n  of  copying d e f i c i t  in t h i s  s tudy 
s i n c e  the  l e s i o n s  were not  always conf ined  to one lobe.  However,  i n ­
formal a n a l y s i s  prov ides  no ev idence  o f  s t r o n g  i n t r ah em i s p h e r i c  e f f e c t s  
f o r  t h i s  sample.  In the case  of  the  r i g h t  hemisphere p a t i e n t s ,  e i g h t  of  
the 11 (73%) s u b j e c t s  wi th  p a r i e t a l  involvement  showed a copying d e f i c i t  
(some of  t he se  p a t i e n t s  a l s o  showed f r o n t a l  i nvolvement ) .  However,  t h r e e  
of  the four  (75%) r i g h t  hemisphere p a t i e n t s  whose l e s i on s  were 
a p p a r e n t l y  conf ined  to the  f r o n t a l  lobes a l s o  showed a copying d e f i c i t .  
S i m i l a r l y ,  fo r  the l e f t  hemisphere  p a t i e n t s ,  two of  the s i x  (33%) p a t i e n t s
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with parietal involvement showed a copying disability, while of the 
two patients with lesions confined to the frontal lobes, one showed 
a copying problem. Thus, there was no evidence of a higher incidence 
of copying problems with posterior involvement. However, the sample 
sizes were far too small to extrapolate from this sample to a popu­
lation.
Time since surgery
As mentioned in Chapter 3, some patients were tested before 
surgery, some soon after surgery, and still others some time after 
surgery. Table 13-  ^ shows the number of subjects from each group who 
were tested less than three months after surgery compared with those 
tested more than three months after surgery. (Five subjects were 
tested preoperatively and do not appear in the table.) There was no 
statistical association between time elapsed since operation and the 
presence of copying disability [Fisher p > .05).
Table 13-A
Number of subjects with copying disability as a
function of time since operation
Group < 3 months > 3 months
GCD 5 5
GCD 6 6
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1 3 . 2 . 2  D is c u s s io n
There was n o t  a s i g n i f i c a n t  a s s o c i a t i o n  between n e u r o l o g i c a l  
s t a t u s ,  p a t h o l o g y ,  l o c a l i z a t i o n  o f  l e s i o n  o r  t im e  e la p s e d  s i n c e  o p e r a ­
t i o n  and copy ing  d i s a b i l i t y .
The absence o f  an a s s o c i a t i o n  between n e u r o l o g i c a l  d e f i c i t  and 
c o p y in g  d i s o r d e r  i s  c o n s i s t e n t  w i t h  t h e  f i n d i n g s  o f  W a r r i n g t o n ,  James and 
K in s b o u rn e  (1966) who r e p o r t e d  no d i f f e r e n c e  between th e  d r a w i n g - d i s a b l e d  
and n o n - d r a w i n g - d i s a b l e d  s u b j e c t s  on any o f  th e s e  t h r e e  n e u r o l o g i c a l  
f u n c t i o n s .  The f i n d i n g  a l s o  s u p p o r t s  th e  e a r l i e r  s t a t e m e n t  t h a t  t he  
GCD s u b j e c t s  in t h i s  s t u d y  a re  n o t  s u f f e r i n g  f rom a g e n e r a l i z e d  a c r o s s -  
t h e - b o a r d  prob lem.
I t  has been sugges te d  t h a t  t h e  n a t u r e  o f  a l e s i o n  can a f f e c t  th e  
degree  t o  wh ich  a p a t i e n t  s u f f e r s  f u n c t i o n a l  im p a i rm e n t  ( e . g .  Walsh,  
1978) .
A l t h o u g h ,  in t h i s  samp le ,  neoplasms a lm o s t  i n v a r i a b l y  p roduced  
c o p y in g  d i s o r d e r s ,  t h e r e  was r.o s t a t i s t i c a l  d i f f e r e n c e  in  t h e  d i s t r i ­
b u t i o n  o f  c o p y in g  d i s o r d e r  f o r  n e o p l a s t i c  and v a s c u l a r  l e s i o n s .  In 
any e v e n t ,  t h i s  c l a s s i f i c a t i o n  may be i n a p p r o p r i a t e .  For  i n s t a n c e ,  
suppose t h a t  t he  r e l e v a n t  f a c t o r  d e t e r m i n i n g  th e  degree  o f  f u n c t i o n a l  
im pa i rm en t  is  a r a p i d ,  as opposed t o  a s low  o n s e t .  I t  wou ld  f o l l o w  
t h a t  s l o w l y  d e v e l o p i n g  v a s c u l a r  i n s u f f i c i e n c i e s  s h o u ld  be c la s s e d  w i t h  
mening iomas w h i l e  i n t r a c e r e b r a l  haemorrhages (w h ich  have a r a p i d  o n s e t )  
s hou ld  be c la s s e d  w i t h  r a p i d l y  g r o w in g  i n v a s i v e  tu m o u rs .  However ,  an 
i n f o r m a l  a n a l y s i s  d i d  n o t  r e v e a l  any p a t t e r n s  o f  t h i s  s o r t  in  the  
p r e s e n t  d a t a .
The p i c t u r e  m ig h t  be f u r t h e r  c o m p l i c a t e d  by t h e  l e n g t h  o f  t im e  
between o n s e t  o f  a d i s e a s e  and t e s t i n g .  For  exam p le ,  w i t h  t i m e ,  the  
s u b j e c t  may deve lop  com pensa to ry  s k i l l s  (even f o l l o w i n g  a sudden o n s e t
288
of  l e s i o n ) .  I t  is not  p o s s i b l e  t o  a s s e s s  the  l ength  of  t ime s ince  
o n s e t  of  a l e s i on  as in many cases  the t ime of  onse t  is  unknown.
However,  i t  was found t h a t  t h e re  was no r e l a t i o n s h i p  between copying 
d i s a b i l i t y  and t ime e l apsed  s i nce  s u r ge r y .
There was not  a s i g n i f i c a n t  d i f f e r e n c e  in the f requency of  l e f t  
and r i g h t  hemisphere copying d e f i c i t ,  a l t hough  t h e r e  was a t r end  towards 
a h i g h e r  pe r cen tage  of  r i g h t  hemisphere p a t i e n t s  in the  GCD group than 
the  GCD group.  There was a l s o  no ev idence  o f  a d i f f e r e n c e  in s e v e r i t y  
of  copying d i s o r d e r  fo r  the l e f t  and r i g h t  hemisphere GCD groups .  
War r i ng ton ,  James and Kinsbourne (1966) a l s o  found no l a t e r a l i t y  
d i f f e r e n c e s  in t he  s e v e r i t y  o r  d i s t r i b u t i o n  of  drawing d i s o r d e r  a l though 
a number of  s t u d i e s  have found a predominance of  c o n s t r u c t i o n a l  problems 
wi th r i g h t  hemisphere l e s i on s  ( see  Chapter  2 ) .
This  absence of a l a t e r a l i t y  e f f e c t  may be simply a f unc t i on  of  
the small  sample s i z e .  However,  the  p r e s e n t  da t a  conf i rm t h a t  any 
l a t e r a l i z a t i o n  of  copying d i s a b i l i t y  is p r o b a b i l i s t i c  r a t h e r  than 
a b s o l u t e .  There is c l e a r l y  no n e ce s s a r y  r e l a t i o n s h i p  between the 
o ccu r r enc e  of  copying d i s a b i l i t y  and s i d e  o f  l e s i on  (or  locus  of  l e s i o n ) .
I t  i s  p o s s i b l e  t h a t  t he  p a r t i c u l a r  copying t e s t  and scor ing  
i n s t r u c t i o n s  employed in t h i s  s tudy  masked l a t e r a l i t y  e f f e c t s .  For 
i n s t a n c e ,  the  p r es en t  t e s t  c l a s s i f i e d  a h ighe r  p r o p o r t i o n  of  brain-damaged 
p a t i e n t s  as copying d i s o r de r ed  than did t he  BVRT when employed by 
Benton (1967) on h i s  sample o f  p a t i e n t s .  S i m i l a r l y ,  War r ington,  James 
and Kinsbourne (1966) a u t o m a t i c a l l y  c l a s s i f i e d  50% (by d e f i n i t i o n )  of  
t h e i r  brain-damaged group as  d i s o r d e r e d .  I f  the  samples in each study 
did not  d i f f e r  in t he  d i s t r i b u t i o n  of  s e v e r i t y  of  b r a i n  damage,  i t  
would fo l low t h a t  both the Warr ington e t  a l . (1966) s tudy and the p r e s ­
en t  s tudy con t a i ned  s u b j e c t s  p os se s s i ng  l e s s  s eve re  copying d i s o r d e r
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than  d i d  the  Benton s t u d y .  In f a c t ,  Benton i n v e s t i g a t e d  l a t e r a l i t y  
d i f f e r e n c e s  f o r  a number o f  c u t - o f f  c r i t e r i a .  He found t h a t  t he  r a t i o  
o f  r i g h t  hemisphere t o  l e f t  hem isphe re  s u b j e c t s  r e g r e s s e s  towards  
u n i t y  as t he  d e f i n i t i o n  o f  c o n s t r u c t i o n a l  a p r a x i a  changes f r om  " s e v e r e "  
(worse than the  w o r s t  c o n t r o l )  t o  " m o d e r a t e "  (95%~99% C o n t r o l  r e f e r ­
e n c e ) .  A l t h o u g h  a c c o r d i n g  t o  B e n t o n ' s  c l a s s i f i c a t i o n ,  th e  GCD group 
in  t h i s  s t u d y  s u f f e r e d  a " s e v e r e "  d i s o r d e r ,  th e  p r e s e n t  t e s t  may have 
been more p o w e r fu l  and hence the  g roup  a c t u a l l y  l e s s  s e v e r e l y  im pa i red  
on a v e rage  than B e n t o n ' s  g ro u p .
13-3 AGE AND EDUCATIONAL STATUS
As was d e s c r i b e d  in C hap te r  3, t h e  age and e d u c a t i o n  d i s t r i b u t i o n s  
o f  t h e  C o n t r o l  group were c a r e f u l l y  matched w i t h  t h a t  o f  t h e  Les ion  
g ro u p .  However ,  s i n c e  an u n s e l e c t e d  sample o f  b ra in -dam ag ed  p a t i e n t s  
was t e s t e d  and c l a s s i f i e d  i n t o  e x p e r i m e n t a l  g roups  o n l y  a f t e r  the  
c o m p l e t i o n  o f  t e s t i n g ,  t he  d i s t r i b u t i o n  o f  age and e d u c a t i o n  w i t h i n  
th e s e  g roups  was u n c o n t r o l l e d .
13 .3 .1  R e s u l t s
T a b le  13~5 p r e s e n t s  t h e  mean e d u c a t i o n a l  l e v e l  and age o f  the  
C o n t r o l ,  GCD and GCD g ro u p s .
A one-way a n a l y s i s  o f  v a r i a n c e  y i e l d e d  a s i g n i f i c a n t  d i f f e r e n c e  
in  e d u c a t i o n a l  l e v e l  a c r o s s  g roups  (F  ( 2 ,  3 8 ) = 3 - 9 0 ,  p < . 0 5 ) .  The 
GCD g roup  was le s s  educa te d  than  th e  GCD g roup  [ q ^  = 3 - 9 ^ ,  p < . 0 1 ) .  
However ,  s i n c e  the  C o n t r o l  group  mean e d u c a t i o n a l  l e v e l  l a y  between 
t h a t  o f  t h e  GCD and GCD groups,  no s i g n i f i c a n t  d i f f e r e n c e  in  e d u c a t i o n a l  
l e v e l  between the  C o n t r o l  and e i t h e r  b r a in -dam ag ed  group was found 
( C o n t r o l  vs GCD: q = 2 . 0 8 ,  p > . 0 5 ;  C o n t r o l  vs GCD: qp = 1 .8 9 ,  p > . 0 5 ) .
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TABLE 13-5
Mean educational level and age (years)
Group Education Age
Control 9.9 39.0
GCU 10.8 33.2
GCD 8.8 i)5-9
A similar pattern was evident in the age data. A one-way analysis 
of variance showed a significant difference in age across the groups.
(F (2, 38) = 3-26, p < .05). The GCD group was older than the GCD 
group {q = 3.60, p > .05). There was no significant difference between 
the Control and GCD groups (q = 1.99, p > .05) or between the Control 
and GCD groups (q = 1.65, p > .05).
The preceding statistical analyses show that the GCD group was 
older and less educated than the GCD group. This raises the question 
of whether the differences in copying and associated deficits for the 
groups could be explained by the factor of age and education alone.
In order to explore this question, a series of analyses of 
covariance were applied. Using this technique it is possible to assess 
the differences in groups after the difference attributable to the 
extraneous age and education variables has been statistically removed.
An analysis of covariance of copying scores with the criterion 
variables age and education, showed a highly significant difference 
between Groups (F (2, 36) = 25-84, p < .0001). Table 13“6 contrasts 
the original deviation of the mean scores of each group from the grand
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TABLE 13-6
E f f e c t  o f  age and e d u c a t i o n a l  a d ju s t m e n t s  on 
mean c o p y in g  d i s a b i l i t y
Gro u p n
U n a d j  u s t e d  
d e v i a t  i o n
A d j u s t e d  
d e v i a t i o n
C o n t r o l 14 - O . 3 O - O . 3 O
GCD 13 - O . 2 3 - 0 . 2 0
GCD 14 +0.51 +0 .48
mean and th e  c o r r e s p o n d i n g  d e v i a t i o n s  a f t e r  s t a t i s t i c a l  a d ju s t m e n t  
f o r  t he  e f f e c t s  o f  age and e d u c a t i o n .  The a d j u s t m e n t  has o n l y  v e r y  
s l i g h t l y  dec reased  th e  d i s c r e p a n c y  between th e  GCD and GCD g ro u p s .
The GCD group is  s t i l l  s i g n i f i c a n t l y  worse  than  the  GCD g roup  (Duncccn 
q = 7 . 7 1 ,  p < . 0 1 ) .  Thus i t  ca n n o t  be s a id  t h a t  the  d i f f e r e n c e  in 
t he  copy ing  s co res  f o r  t he  two b ra in -dam ag ed  g roups  i s  a s im p le  
f u n c t i o n  o f  age and e d u c a t i o n  d i f f e r e n c e s .  F u r t h e r m o r e ,  t h e r e  was 
s t i l l  no s i g n i f i c a n t  d i f f e r e n c e  between t h e  GCD and C o n t r o l  groups  
{q ^  = 1 .13 ,  p > .05)  a f t e r  a d j u s t m e n t  f o r  age and e d u c a t i o n .
A l t h o u g h  the  d i f f e r e n c e s  in  c o p y in g  p e r fo rm a n c e  c o u l d  n o t  be 
a t t r i b u t e d  t o  age and e d u c a t i o n a l  d i f f e r e n c e s  between th e  g r o u p s ,  i t  
i s  s t i l l  p o s s i b l e  t h a t  d i f f e r e n c e s  seen in  a s s o c i a t e d  d e f i c i t s  were 
due t o  these  e x t r a n e o u s  v a r i a b l e s .  However ,  t h e r e  i s  l i t t l e  e v id e n c e  
t o  s u p p o r t  t h i s .
An a n a l y s i s  o f  c o v a r i a n c e ,  c o n t r o l l i n g  f o r  age and e d u c a t i o n ,  
o f  t h e  Complex P e r c e p t u a l  D i s c r i m i n a t i o n  e r r o r  (see C hap te r  5 ) ,
292
showed a significant effect for Groups (F (2, 36) = 6.895, p < .005).
The difference in the adjusted mean perceptual errors for the GCD
and GCD groups remained significant (Duncan = 4.10, p < .01). When
errors on the perceptual and motor forms of the elementary attribute
tasks^ (see Chapter 6) were subjected to a similar analysis of
covariance there was still a significant effect for Groups (Motor:
F (2, 36) = 8.09, p < .001; Perceptual: F (2, 36) = 17-78, p < .001).
Furthermore the difference between the adjusted GCD and GCD mean
errors was significant for both task forms (Perceptual: q = 4.27,
p < .01; Motor: q = 3-98, p < .01). Similarly, an analysis of co-
variance of the errors in copying the relative size of a line showed
a significant main effect for Groups {F (2, 36) = 5*168, p < .05).
A Duncan comparison between the adjusted means for the GCD and the
GCD groups was significant (q =3- 21, p < .05). An analysis of
covariance of the errors for the spatial task used in the General
Neuropsychological battery also yielded a significant Group effect
{F (2, 32) = 8.022, p < .001) and a significant difference between the
adjusted GCD and GCD means (q = 4.33, p < .01).
An analysis of covariance of the response 1atencies for the
Complex Perceptual task produced less clear-cut results. There was
2
a significant difference in response latency across Groups {F (2, 36) 
= 5.044, p < .05) .
A single perceptual and a single motor error score were computed for 
the elementary attribute tasks. This was done by cumulating z scores 
for the six attributes tests separately for the perceptual and motor 
conditions.
The response latencies were logarithmically transformed prior to analysis.
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F u r th e r m o r e ,  the  GCD g roup  was s i g n i f i c a n t l y  s l o w e r  than  the  
C o n t r o l  group {q = 3 - 9 9 ,  p < - 0 5 ) ,  w h i l e  t he  GCD group  was n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f r om  th e  C o n t r o l  g roup  (p > . 0 5 ) .  However ,  
in  a b s o l u t e  terms th e  GCD g roup  l a y  midway between the  o t h e r  groups  
and the  d i f f e r e n c e  between the  a d j u s t e d  mean response l a t e n c i e s  f o r  the  
GCD and GCD groups  d i d  n o t  a t t a i n  s i g n i f i c a n c e  ( q = 1 .7 2 ,  p > . 0 5 ) .
The r e s u l t s  o f  t h e  a n a l y s i s  o f  c o v a r i a n c e  o f  sc o res  on the  
Verba 1- c o g n i t i v e  t a s k  (Genera l  N e u r o p s y c h o l o g i c a l  b a t t e r y )  were a l s o  
am biguous .  The a n a l y s i s  y i e l d e d  a s i g n i f i c a n t  d i f f e r e n c e  in  c o g n i t i v e  
a b i l i t i e s  ac ros s  Groups (F  (2 ,  28) = 4 . 4 7 ,  p < . 0 5 ) .  The u n a d ju s t e d  
and a d j u s t e d  d e v i a t i o n s  o f  g roup  f r o m  grand  mean a re  summar ized in  
T a b l e  13 " 7 .
TABLE 13-7
E f f e c t  o f  a d j u s t m e n t  o f  age and e d u c a t i o n  
f o r  C o g n i t i v e  t a s k  ( v e r b a l )
Group U n a d ju s te d  d e v i a t i o n A d j u s t e d  d e v i a t i o n
Cont ro l 4 .4 3 4 .1 0
GCD 2 .5 8 0 .9 4
GCD - 8 . 5 2 - 6 . 5 8
A l t h o u g h  th e  GCD group  appea rs  t o  be worse  than  bo th  t he  o t h e r  
groups a f t e r  a d j u s t m e n t ,  o n l y  th e  com pa r ison  between th e  GCD and C o n t r o l  
g roups  was s i g n i f i c a n t  (q = 3 . 8 7 ,  p < . 0 5 ) .  The c o g n i t i v e  s c o re  o f
t he  GCD group was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r om  t h a t  o f  th e  C o n t r o l
29^ 4
group (q = 1.83, p > .05) but neither was the GCD group score 
significantly different from the GCD group score (q = 2.46, 
p > .05) .
The preceding analyses have been concerned with whether the 
differences between groups can be attributed to age and education 
differences. Of course, theoretically some of the comparisons which 
were not significant upon ordinary analysis, may become so after 
removal of extraneous variance. In fact, this did not occur.
Analyses of covariance of monitoring frequency and duration for 
the Monitoring task (Chapter 12), yielded no significant effects 
across Groups (Frequency: F (2, 3M = 1.051, p > .05; Duration:
F (2, 34) = 0.085, p > .05). Of the timing indices for the complex 
multiple-line designs (Chapter 12), the total time (F (2, 33) = 2.494, 
p > .05), maximum pause (F (4, 38) = 0.619, p > .05) and maximum 
velocity (F (2, 36) = O.987, p > .05) measures were not significantly 
different across Groups. This confirms the findings already reported 
for these indices. There was a significant Group effect for the 
initial pause index (F (2, 33) = 3-587, p < .05). However, as Table 
13~8 shows, there was absolutely no difference between the GCD and 
GCD groups (q = 0.0, p > .05) and the difference was attributable to 
the brain-damaged group as a whole. These results would not modify 
the conclusions reached in Chapter 12 where it was found that the two 
brain-damaged groups showed significantly more extreme pauses than the 
Control group and that the Group effect approached significance upon 
analysis of variance.
Analysis of variance of the combined verba 1-memory score on the 
Wechsler Memory Scale confirmed the earlier analysis in this Chapter
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TABLE 13-8
A d j u s t e d  mean s t a n d a r d  I n i t i a l  Pause sc o re s  a f t e r  
removal  o f  age and e d u c a t i o n  e f f e c t s
Group A d j u s t e d  mean
C o n t r o l - 1 . 1 5
GCD 0 .6 0
GCD 0 .6 0
w h ic h  showed t h a t  a l t h o u g h  t h e r e  was a s i g n i f i c a n t  Group e f f e c t  
(F (2 ,  38) = 3.37» p < . 0 5 ) ,  t h e r e  was no e v id e n c e  o f  a d i f f e r e n c e  
between th e  GCD and GCD groups (q = 0 . 2 7 ,  p > . 0 5 ) .  T a b le  13“ 9 
d e p i c t s  the  o r i g i n a l  and a d j u s t e d  d e v i a t i o n  s c o re s  f o r  each group and 
shows t h a t  t he  GCD g roup  i s  c e r t a i n l y  n o t  worse  th a n  th e  GCD group  
on t h i s  memory t e s t  and f a i l u r e  t o  f i n d  such a d i f f e r e n c e  c anno t  be 
a t t r i b u t e d  to  low s t a t i s t i c a l  power .
TABLE 13-9
A d j u s t e d  and u n a d j u s t e d  d e v i a t i o n  o f  group 
means f rom th e  grand  mean f o r  t h e  v e r b a l  
memory t a s k
Group U n a d ju s te d  d e v i a t i o n A d j u s t e d  d e v i a t i o n
Cont r o 1 4 . 7 5 4 . 3 5
GCD - 3 . 0 4 - 3 . 6 4
GCD - 3 . 9 I - 2 . 8 2
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13-3-2 D? scuss i on
The GCD group was found to  be both  o l d e r  and l e s s  educated^ than 
the  GCD group.  The ques t i on  a r i s e s  as to whether  the copying d e f i c i t s  
documented in t h i s  s tudy were not  produced by bra in-damage but  a rose  
simply as a r e s u l t  of  age and educa t i on  d i f f e r e n c e s .  This  p o s s i b i l i t y  
may be e l i m i n a t e d  immediately.  The age and educ a t i ona l  s t a t u s  of  the 
brain-damaged group,  taken as a whole,  was matched to  t h a t  o f  the 
Control  group and i f  t h i s  hypo t he s i s  were t r u e ,  the  two groups of  
s u b j e c t s  should not  have d i f f e r e d  in per formance .  Thus,  the poor p e r ­
formance by the  brain-damaged group,  t aken as a whole can presumably 
be a t t r i b u t e d  to  b r a i n  damage and not  t o  age or  e d u ca t i ona l  s t a t u s .
However,  age and e d uca t i on  might  s t i l l  have been de t ermining  
f a c t o r s  in the  c l a s s i f i c a t i o n  o f  the  brain-damaged s u b j e c t s .  For 
example,  i t  is p o s s i b l e  t h a t  any s o r t  o f  brain-damage produces  a f i xed  
decrement  in copying and a s s o c i a t e d  s k i l l s .  In t h i s  c a s e ,  the  GCD
The f i n d i ng  t h a t  the  groups did not  d i f f e r  in premorbid a b i l i t y  
as e s t i ma t e d  by performance on the WAIS Informat ion s u b t e s t  but  
did have d i f f e r e n t  e d u ca t i ona l  backgrounds appea r s  c o n t r a d i c t o r y .  
I t  is p o s s i b l e  t h a t  the Informat ion  s u b t e s t  is  not  a very good 
measure o f  premorbid a b i l i t y .  I t  i s  c e r t a i n l y  t r u e  t h a t  i t  has 
been r epo r t e d  t h a t  l e f t  hemisphere l e s i o n s  can produce impairment  
on t he  t e s t  and as such i t  might  unde r e s t i ma t e  premorbid a b i l i t y  
f o r  some p a t i e n t s .  Secondly,  high a c h i e v e r s  sometimes score  
h ighe r  on t h i s  s u b t e s t  o f  the  WAIS than on the  o t h e r  WAIS sub­
t e s t s .  However,  t h e r e  is  l i t t l e  reason t o  s u spe c t  t h a t  the l e s s  
educa ted  GCD group might have been e s p e c i a l l y  high a c h i ev i n g .  
Otherwise  more of  them might  have pursued f u r t h e r  e d uc a t i o n .  
Perhaps t he  most l i k e l y  e x p l a n a t i o n  can be found in cohor t  and 
peer  group norms.  I t  i s  p o s s i b l e  t h a t  the  number of  year s  of  
school i ng  does not  p rov ide  a very good p r e d i c t o r  of  i n t e l l e c t u a l  
a b i l i t y  in a he t erogeneous  p o pu l a t i on  wi t h  a wide range of  ages 
and backgrounds .  For i n s t a n c e ,  on a ve r a ge ,  o l d e r  s u b j e c t s  would 
have r ece ived  l e s s  s choo l i ng  than younger  peopl e .
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group  m ig h t  s im p ly  c o n t a i n  t h o s e  p a t i e n t s  whose p rem o rb id  pe r fo rm ance  
was r e l a t i v e l y  p o o r .  In p a r t i c u l a r ,  i f  t hese  s k i l l s  a re  a s s o c i a t e d  
w i t h  age and e d u c a t i o n ,  i t  w ou ld  be th e  o l d e r  and les s  educa te d  
p a t i e n t s  whose p o s t - m o r b i d  s c o re s  wou ld  be most l i k e l y  t o  f a l l  be low 
th e  c r i t e r i o n  s co re  f o r  a s s ignm en t  to  t h e  GCD g r o u p .  Such a c o n c l u s i o n  
wou ld  have i m p o r t a n t  i m p l i c a t i o n s  f o r  th e  p r e s e n t  s t u d y .  However ,  
t h e r e  i s  l i t t l e  e v id e n c e  in  the  p r e s e n t  da ta  t o  s u p p o r t  t h i s  con ­
c l u s i o n .  I f  the  d i f f e r e n c e s  between the  GCD and GCD groups  were 
s o l e l y  due t o  d i f f e r e n c e s  in  p re m o rb id  l e v e l s  o f  a b i l i t y  a s s o c i a t e d  
w i t h  age and e d u c a t i o n ,  th e  p e r fo rm a n c e  d i f f e r e n c e s  s hou ld  have been 
e l i m i n a t e d  by t h e  a n a l y s i s  o f  c o v a r i a n c e  r e p o r t e d  above.  However ,  
t he  s t a t i s t i c a l  d i f f e r e n c e s  between th e  GCD and GCD groups  were gen­
e r a l l y  p re s e rv e d  in  t h e  a n a l y s e s  o f  c o v a r i a n c e  w h ic h  c o n t r o l l e d  f o r  
group d i f f e r e n c e s  in  age and e d u c a t i o n .
Thus,  f o r  the  p r o d u c t i o n  and p e r c e p t i o n  o f  bo th  complex and s im p le  
s t i m u l i ,  t he  r e s u l t s  c o n s i s t e n t l y  showed t h a t  s t a t i s t i c a l l y  removing 
th e  i n f l u e n c e  o f  e d u c a t i o n  and age on the  d i f f e r e n c e s  between groups 
has l i t t l e  e f f e c t  on t h e  outcome o f  t he  i n t e r g r o u p  c om p a r i s o n .  I t  
w i l l  be r e c a l l e d  t h a t  t h e  response l a t e n c y  da ta  was ambiguous .  How­
e v e r ,  even i f  the d i f f e r e n c e s  in  measures o f  response  l a t e n c y  s i m p l y  
r e s u l t  f rom th e  p r e pond e ranc e  o f  o l d e r  s u b j e c t s  in  th e  GCD group  the  
c o n c l u s i o n  would be unchanged .  The GCD s u b j e c t s '  p e r fo rm anc es  co u ld  
n o t  be e x p l a i n e d  by a h a s t y  i l l - c o n s i d e r e d  a p p r o a c h ,  s i n c e  th e  group 
was c e r t a i n l y  no t  f a s t e r  than the  GCD g r o u p .  The s t a t u s  o f  t he  con­
c l u s i o n s  c o n c e r n in g  t h e  t i m i n g  c h a r a c t e r i s t i c s  o f  c o p y in g  and m o n i t o r ­
ing a l s o  remained unchanged.  F i n a l l y ,  t he  g roups  s t i l l  showed no 
d i f f e r e n c e  in  memory a b i l i t y .
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A f t e r  c o r r e c t i n g  f o r  age and e d u c a t i o n  e f f e c t s ,  t h e r e f o r e ,  i t  
i s  no t  necessa ry  t o  change the  c o n c l u s i o n  t h a t  c o p y in g  d e f i c i t  i s  
a s s o c i a t e d  w i t h  d e f i c i t s  o f  p e r c e p t i o n .  The da ta  y i e l d e d  by t e s t s  
conce rned  w i t h  a t t e n t i o n  and p l a n n i n g  were n o t  s u i t a b l e  f o r  a n a l y s i s  
o f  c o v a r i a n c e .  In th e  case o f  t h e  t e s t  o f  c o g n i t i v e  a b i l i t y  the 
r e s u l t s  o f  the a n a l y s i s  o f  th e  c o v a r i a n c e  d i d  c o n f l i c t  somewhat w i t h  
t h e  c o n c l u s i o n s  drawn f r om  th e  p r e v i o u s  a n a l y s i s  in  t h a t  t h e r e  was no t  
a s i g n i f i c a n t  d i f f e r e n c e  between t h e  a d j u s t e d  mean p e r fo rm anc es  o f  
t he  two b ra in-damaged  g ro u p s .  On th e  o t h e r  hand,  t he  GCD group  d id  
d i f f e r  f r om  the  C o n t r o l  group  w h i l e  t he  GCD d i d  n o t .  I t  i s  t h e r e f o r e  
ne c e s s a ry  t o  r e s e r v e  judgm en t  c o n c e r n i n g  the  r o l e  o f  c o g n i t i v e  i m p a i r ­
ment i n  c o p y in g .
The f i n d i n g  t h a t  t he  GCD and GCD g roups  d i f f e r e d  in  age and 
e d u c a t . o n a l  l e v e l  i s  q u i t e  i n t e r e s t i n g .  Dee (1970) a l s o  r e p o r t e d  t h a t  
h i s  c o p y i n g  d e f i c i t  s u b j e c t s  were o l d e r  th an  t h e  s u b j e c t s  w i t h o u t  
c o p y in g  d i s a b i l i t y .  In r e v i e w i n g  e v id e n c e  c o n c e r n i n g  the  e f f e c t  o f  
age on f u n c t i o n a l  ou tcome,  Sm i th  (1 9 6 9 ) ,  c o n c lu d e d  t h a t  t he  in c id e n c e  
and s e v e r i t y  o f  f u n c t i o n a l  d e f i c i t s  i n c r e a s e s  w i t h  age.  He added t h a t  
" i n  v i e w  o f  the  s h r i n k a g e  o f  b r a i n  mass and the  d e c l i n e  o f  c e r e b r o ­
v a s c u l a r  and m e t a b o l i c  f u n c t i o n s  w i t h  age,  the most d r a s t i c  e f f e c t  o f  
l e s i o n s  in  o l d e r  p a t i e n t s  are  l o g i c a l "  (p .  31 )*  However ,  an a n a l y s i s  
o f  age e f f e c t s  is  beyond the  scope o f  t h i s  t h e s i s  and w i l l  n o t  be 
c o n s i d e r e d  he re .
In c o n c l u s i o n ,  t h e r e  i s  no i n d i c a t i o n  o f  a need to  m o d i f y  t he  
e s s e n t i a l  c o n c l u s i o n s  o f  t he  p r e c e d i n g  s e c t i o n s  and c h a p t e r s  w i t h  the  
e x c e p t i o n  t h a t  the e v id e n c e  t h a t  p e r c e p t u a l  f a c t o r s  a re  a s s o c i a t e d  
w i t h  c o p y in g  d e f i c i t  i s  s t r o n g e r  than  th e  e v id e n c e  f o r  a c o g n i t i v e  
f a c t o r  in  th e  c o p y in g  p ro b le m s .
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13 .^  SUMMARY OF CONCLUSIONS
A n a l y s i s  o f  the  n e u r o p s y c h o l o g i c a l  and n e u r o l o g i c a l  s t a t u s  o f  the  
b ra in -dam ag ed  p a t i e n t s  showed t h a t  t h e  GCD s u b j e c t s  do n o t  s u f f e r  
g r e a t e r  d e f i c i t s  in  a l l  p s y c h o l o g i c a l  f u n c t i o n s ,  o r  show g r e a t e r  
n e u r o l o g i c a l  im pa i rm en t  than the  GCD s u b j e c t s .  Copying d i s a b i l i t y  
was n o t  c o n f i n e d  t o  one lo c u s  o r  hem isphe re  b u t  a ro s e  f r om  bo th  
l e f t  s i d e d  and r i g h t  s i d e d ,  a n t e r i o r  and p o s t e r i o r  l e s i o n s .  There 
was no s t a t i s t i c a l  e v id e n c e  t h a t  r i g h t  hem isphere  p a t i e n t s  showed 
more se v e re  c o p y in g  d i s a b i l i t y  o r  e x h i b i t e d  c o p y in g  prob lems  more 
f r e q u e n t l y  than  d i d  l e f t  hem isphe re  p a t i e n t s .  However ,  t he  sample 
s i z e  was sma l l  and t h e r e  was a t r e n d  tow ard  h i g h e r  c o p y in g  d i s a b i l i t y  
f r e q u e n c y  f o l l o w i n g  r i g h t  hem isphere  l e s i o n s .  F i n a l l y ,  the  GCD group 
was o l d e r  and le s s  educa te d  than  the  GCD g r o u p .  However ,  w i t h  the  
p o s s i b l e  e x c e p t i o n  o f  c o g n i t i v e  a b i l i t y ,  t h e  d i f f e r e n c e s  (and l a c k  o f  
d i f f e r e n c e s )  c o u ld  n o t  be e x p l a i n e d  by age and e d u c a t i o n a l  f a c t o r s
a l o n e .
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CHAPTER M
INDIVIDUAL PATTERNS OF DEFICIT AND THE 
QUESTION OF LOCALIZATION OF GRAPHICAL 
COPYING DISABILITY
The c o n c l u s i o n s  drawn in p r e v i o u s  c h a p t e r s  have been based on 
com pa r i s ons  between group means. I t  was found  t h a t  the  mean GCD group 
p e r fo rm a n c e  was le s s  than the  mean GCD pe r fo rm a n c e  on a range o f  t e s t s  
o f  p e r c e p t u a l  and c o g n i t i v e  f u n c t i o n .  However ,  c om par isons  o f  group 
means may be m i s l e a d i n g .  A group  may be composed o f  sub -g ro u p s  m an i ­
f e s t i n g  q u i t e  d i f f e r e n t  p a t t e r n s  o f  b e h a v i o u r  and group  mean pe r fo rm ance  
may n o t  n e c e s s a r i l y  r e f l e c t  t he  p a t t e r n  o f  b e h a v i o u r s  o f  any i n d i v i d u a l  
in  t h e  g r o u p .  For  exam ple,  i t  i s  p o s s i b l e  t h a t  t h e  GCD group  c o n t a i n s  
i n d i v i d u a l s  w i t h  p e r c e p t u a l  bu t  n o t  c o g n i t i v e  d e f i c i t  and v i c e  v e r s a ,  
bu t  no i n d i v i d u a l  w i t h  b o t h .
In t h i s  c h a p t e r ,  the p e r fo rm a n c e  o f  each o f  t he  c o p y in g  d e f i c i t  
s u b j e c t s  i s  c o n s id e r e d  i n d i v i d u a l l y ,  w i t h  th e  a im o f  d e t e r m i n i n g  i f  
t h e r e  a r e  i n d i v i d u a l  d i f f e r e n c e s  in  t h e  p a t t e r n  o f  d e f i c i t s  a s s o c i a t e d  
w i t h  c o p y in g  d i s o r d e r .  Such d i f f e r e n c e s  m ig h t  i n d i c a t e  th e  e x i s t e n c e  
o f  s e p a r a t e  t y p e s  o f  c o p y in g  d i f f i c u l t y .  I f  d i s t i n c t  t y p e s  o f  d e f i c i t  
can be i d e n t i f i e d  i t  wou ld  be p o s s i b l e  t o  examine the  lo c u s  and s i d e  
o f  l e s i o n  a s s o c i a t e d  w i t h  each t y p e .  T h i s  app roach  t o  t h e  q u e s t i o n  
o f  l o c a l i z a t i o n ,  w h i l e  the  r e v e r s e  o f  t h a t  u s u a l l y  a p p l i e d ,  i s  p a r ­
t i c u l a r l y  a p p r o p r i a t e  in  th e  p r e s e n t  s i t u a t i o n  where th e  sample s i z e  
o f  l e f t  hem isphe re  GCD s u b j e c t s  i s  so s m a l l .
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14.1 PROFILE ANALYSIS
14.1.1 Tests
Seven of the copying, perceptual and verba 1-cognitive tasks
reported in previous chapters formed the scales for the profile.
These tasks were as follows:
(1) Complex Copying task (Chapter 4). It will be recalled that this 
task formed the basis for classification of brain-damaged sub­
jects in GCD and GCD groups.
(2) Complex Perceptual discrimination task (Chapter 5). In this
task the subject was asked to discriminate between multiple-element 
stimuli.
(3) Attribute Copying task (Chapter 6). In this task the subject 
was asked to copy single attributes such as the size of a line.
For the present purposes, individual standard scores for each 
of the orientation, size, position and angle attribute copying 
tasks were cumulated to yield a combined attribute score.
(4) Attribute Discrimination task (Chapter 6). The subject was 
required to discriminate between the values of a particular 
single attribute. As for (3), this measure was based on cumu­
lated standard scores for individual subtests.
(5) Relative-size Production task (Chapter 7)- In this task the 
subject copied a line in order to preserve relative size.
(6) Planning task (Chapter 10). In this task, the subject was 
required to order a series of prepared instructions such that 
their serial execution would achieve a specified goal.
(7) Verbal-cognitive task (General Neuropsychological battery,
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C h a p te r  13) -  T h i s  t a s k  c o n s i s t e d  o f  a s e r i e s  o f  v e r b a l  
p rob lem s  i n te n d e d  to  assess " c u r r e n t "  c o g n i t i v e  a b i l i t y .
1 4 . 1 . 2  P r o f i l e  c o n s t r u c t i o n
The combined sample o f  b ra in -dam ag ed  and normal  s u b j e c t s  were 
ranked  on each s c a l e  s e p a r a t e l y  in  o r d e r  o f  d e c r e a s i n g  a b i l i t y .  Each 
s u b j e c t  was then  a l l o c a t e d  an " i m p a i r m e n t "  r a n k i n g  o f  between 1 and 
11 i n c l u s i v e  w i t h  th e  b e s t  f o u r  s u b j e c t s  r e c e i v i n g  a rank  o f  1, the  
n e x t  b e s t  f o u r  a r a n k in g  o f  2 and so on.  S ince  t h e r e  was an uneven 
number o f  s u b j e c t s ,  the  w o r s t  s u b j e c t  was th e  s o l e  r e c i p i e n t  o f  an 
im p a i rm e n t  r a n k i n g  o f  11. Of c o u r s e ,  t h e r e  a re  a number o f  o t h e r  ways 
by w h ic h  a p r o f i l e  m ig h t  be c o n s t r u c t e d ^ .  However ,  t h i s  method was seen 
as a p p r o p r i a t e  f o r  th e  p r e s e n t  p u rp o s e s .
1 4 . 1 . 3  R e s u l t s  and d i s c u s s i o n
F i g u r e s  14-1 and 14—2 i l l u s t r a t e  t he  p r o f i l e  o f  each o f  t he  GCD 
s u b j e c t s  on the  seven s c a l e s .  By d e f i n i t i o n ,  the  l o w e s t  im pa i rm en t  
r a n k i n g  on th e  c o p y in g  t a s k  f o r  a GCD s u b j e c t  was 7- T h e r e f o r e  the  
c r o s s - h a t c h e d  a rea  on each graph  m ig h t  be rega rded  as r e p r e s e n t i n g  
th e  " d e f i c i t "  r e g io n  f o r  each s c a l e .
Standard scores  are  d i s t r i b u t i o n  dependent  and the a p p l i c a t i o n  o f  
a n o r m a l i z a t i o n  procedure would r e q u i r e  a reasonable  sample s i z e .  
Ranking w i t h  respec t  t o  a normal group was avoided s in ce  i t  would 
impose a f l o o r  e f f e c t  and hence might  mask d i f f e r e n c e s  between 
GCD and GCD s u b j e c t s .  The use o f  the combined brain-damaged group 
as a re fe re n c e  group would have been a v i a b l e  a l t e r n a t i v e .  However, 
the  a d d i t i o n  o f  the Contro l  data to  the  sample in the  p resen t  has 
the advantage o f  in c re a s in g  the  sample s i z e  w h i l e  a l s o  being con­
s i s t e n t  w i t h  the  approach adopted in p rev ious  chap te rs  in which the 
GCD group was compared w i t h  the Con tro l  group as w e l l  as the  GCD 
group.
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SUBJECT E
s u b j e c t  g
SUBJECT J
SUBJECT L
SUBJECT 0
SUBJECT P
SUBJECT R
SUBJECT X
J = ( 1 ) C C  -Complex Copying 
^ ^ ^ ( 2 ) C P D - C o m p l e x  P er ce pt ua l  D i s c r i m .
I ( 3 ) AC - A t t r i b u t e  Copying 
'C - ( M A D  - A t t r i b u t e  D i s c r i m i n a t i o n  
I  ( 5 ) P "PI ann ing 
“ (6)VC - Ve rb a l  c o g n i t i v eTESTS
F i gure  14-1.  P r o f i l e s  f o r  i n d i v i d u a l  GCD s u b j ec t s
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SUBJECT D ( l e f t  l e s i o n )
SUBJECT K ( r i g h t  l e s i o n )
SUBJECT M ( l e f t  l e s i o n )
SUBJECT S ( l e f t  l e s i o n )
SUBJECT T ( l e f t  l e s i o n )
SUBJECT ZZ ( r i g h t  l e s i o n )
TESTS
( 1 )  CC -Comp l ex  Copy i ng
( 2 )  CPD-Complex P e r c e p t u a l  D i s c r i m .
( 3 )  AC - A t t r i b u t e  Copy i ng
(A)AD - A t t r i b u t e  D i s c r i m i n a t i o n
( 5 )  P - P I a n n  i ng
( 6 )  VC - V e r b a l  c o g n i t i v e
F igu re  14-2.  P r o f i l e s  f o r  i n d i v i d u a l  GCD su b je c t s
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Examinat ion of  the f ou r t e e n  p r o f i l e s  r e v e a l s  t h a t :
(1) Apar t  from one mi l d l y  copy i ng- i mpa i r ed  s u b j e c t ,  who 
showed very s i m i l a r  copying and pe rcep t ua l  r a t i n g s ,  
no s u b j e c t  showed a complete  absence of  pe r cep t ua l  
d e f i c i t ,  a l t hough  s eve r a l  s u b j e c t s  did show a t  l e a s t  
one i n t a c t  p e r ce p t ua l  per formance;
(2) Only one s u b j e c t  showed a complete absence of  d e f i c i t  
on both the  verba 1- c o g n i t i v e  and p lanning  t a s k s ;
(3) No s u b j e c t  showed a p roduc t i on  d e f i c i t  on the a t t r i b u t e  
t a sk  w i t h o u t  a co r r e spond i ng  p e r ce p t ua l  d i s c r i m i n a t i o n  
d e f i c i t .
In summary, copying d i s a b i l i t y  was always a s s o c i a t e d  wi th  some p e r ­
ceptua l  impairment  and f r e q u e n t l y  wi th c o g n i t i v e  or  p lanning  impai r ­
ment,  but  t h e r e  was no ev i dence  of  a p a r t i c u l a r  motor impairment .
I t  w i l l  be noted t h a t  t he  p r o f i l e s  o f  the f i r s t  e i g h t  s u b j e c t s  
(Figure  lA- l )  were s i m i l a r  in t h a t  they showed c o n s i s t e n t l y  poor 
r a t i n g s  on a l l  s c a l e s .  That  i s ,  both copying and pe r ce p t ua l  d i s ­
c r i m i n a t i o n  o f  complex as  wel l  as  s imple  s t i m u l i  were impaired in 
a l l  o f  t he s e  s u b j e c t s .  Fur thermore ,  a l l  s u b j e c t s  who were t e s t e d  
were impai red on the p lann ing  and verba 1- c o g n i t i v e  t a s k s .  Al though 
t h e i r  p r o f i l e s  a r e  no t  p r e s e n t e d ,  none o f  the  GCD s u b j e c t s  showed 
c o r re s pond i ng l y  c o n s i s t e n t l y  impai red r a t i n g s .
The remaining s i x  p r o f i l e s  did not  show a g e n e r a l i z e d  d e f i c i t .
Nor did they d i s p l a y  any s p e c i f i c  p a t t e r n s  of  s e l e c t i v e  d e f i c i t .  Two 
s u b j e c t s  showed a s t r i k i n g  lack of  d i f f i c u l t y  wi th  t he  Complex Perceptua l  
D i s c r imi n a t i on  t a sk  ( s u b j e c t s  S and T) but  were impai red,  or  approach­
ed the  d e f i c i t  r eg i o n ,  on the  A t t r i b u t e  Di s c r imi n a t i on  t a s k .  One 
s u b j e c t  showed complex pe r ce p t ua l  impairment  in the  absence of
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impairment  in pe r ce p t i on  or  p r oduc t i on  o f  s i n g l e  a t t r i b u t e s  ( sub j ec t '
D) . Yet a no t he r  s ub j e c t  showed a c o n s i s t e n t  impairment  on a l l  but  the 
R e l a t i v e - s i z e  Product ion t a sk  ( s u b j e c t  M). Another  s u b j e c t  showed 
i n t a c t  c o g n i t i v e  performance as  wel l  as adequa te  R e l a t i v e - s i z e  p ro­
duc t i on  but  was impaired on the  remaining pe rcep t ua l  and copying t a sks  
( s u b j e c t  ZZ) . The f i n a l  s u b j e c t  did not  show a s i n g l e  a t t r i b u t e  
copying d e f i c i t ,  nor a v e r b a l - c o g n i t i v e  impai rment ,  a l t hough  a l l  
the  o t h e r  ranks lay wi t h i n  o r  near  the d e f i c i t  r egion ( s u b j e c t  K) .
While the  above p r o f i l e s  do not  show common p a t t e r n s  of  d e f i c i t ,  
they n e v e r t h e l e s s  do resemble each o t h e r  and c o n t r a s t  wi th  the  f i r s t  
e i g h t  in t h a t  they show an absence  of  c o n s i s t e n t  pe r cep tua l  and pro­
duc t i on  problems.  Is t h e r e  any t h ing  t h a t  d i s t i n g u i s h e s  t he se  p a t i e n t s  
from the  f i r s t  e i g h t  who showed a c o n s i s t e n t  p a t t e r n  of  d e f i c i t ?
In f a c t ,  t h e r e  is a sugges t i on  in t he  da t a  t h a t  t h e s e  two groups 
d i f f e r  in the pe rcen t age  o f  l e f t  and r i g h t  hemisphere p a t i e n t s  which 
compri se them. I t  was found t h a t  a l l  f our  l e f t - h e m i s p h e r e  GCD s ub j e c t s  
belonged to the group which showed ev i dence  of  some i n t a c t  pe r cep tua l  
f u n c t i o n i n g .  The p r o b a b i l i t y  t h a t  a l l  f our  of  t he  l e f t  hemisphere 
p a t i e n t s  would be a s s i gned  to  t h i s  group pur e l y  by chance i s  0 .015^.
Of a d d i t i o n a l  i n t e r e s t ,  is  the  f a c t  t h a t  one of  the  remaining two r i g h t  
hemisphere p a t i e n t s  in t h i s  group was the  only l e f t  hander  in the 
sample.  Thus,  i t  i s  p o s s i b l e  t h a t  r eve r s ed  c e r e b r a l  dominance app l i ed  
to  t h i s  s u b j e c t .
Based on a p r o f i l e  a n a l y s i s  a lone  then ,  we a r e  l e f t  wi th  the 
conc l us i on  t h a t  r i g h t  hemisphere GCD p a t i e n t s  tend to  show a c o n s i s t e n t
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percep t ua l  d i s o r d e r  on s imple and complex t a s k s ,  whereas l e f t  hemis­
phere GCD p a t i e n t s  show l e s s  c o n s i s t e n c y ,  per forming a t  l e a s t  some 
pe r ce p t ua l  t a sks  adequa te l y  but  not  showing any c o n s i s t e n t  p a t t e r n  in 
the  t e s t s  which a r e  performed a d e q u a t e l y .  This  suppor t s  the  not ion 
t h a t  the p a t t e r n s  of  d e f i c i t s  a s s o c i a t e d  wi th  r i g h t  and l e f t  hemis­
phere l e s i o n s  a r e  d i f f e r e n t  but  t h a t  t h e r e  is  not  a u n i t a r y  p a t t e r n  
of  d e f i c i t  w i t h i n  the  l e f t  hemisphere .  At t he  same t ime,  i t  must be 
s a i d  t h a t  the  da t a  do not  p rov ide  s uppor t  f o r  t he  t r a d i t i o n a l  p l a nn i ng /  
motor ve r sus  pe r ce p t ua l  dichotomy s i n c e  no s u b j e c t  in the  e n t i r e  s e r i e s  
showed ev i dence  of  a c o g n i t i v e  o r  motor d e f i c i t  in the  absence of  any 
pe r ce p t ua l  problems ( a l t hough ,  perhaps  t he  assumpt ion t h a t  s imple 
pe rcep t ua l  t a sks  do not  r e q u i r e  p l ann ing  a b i l i t y  is u n t e n a b l e ) .
The q u e s t i o n  a r i s e s  as t o  whether  the  l e f t - h e m i s p h e r e  group show 
more v a r i e t y  a c r os s  s u b j e c t s  as  a r e s u l t  of  a more he t erogeneous  
d i s t r i b u t i o n  o f  l e s i o n s .  There i s  l i t t l e  ev idence  to suppor t  t h i s .
The l e f t  hemisphere GCD p a t i e n t s  did pos se s s  l e s i o n s  in d i f f e r e n t  l oc i i .  
Sub jec t  D had s u f f e r e d  a temporal  lobe l e s i o n ,  s u b j e c t  S a l e s i on  
medial  and a d j a c e n t  to the  Rolandic  f i s s u r e ,  s u b j e c t  M a p a r i e t a l  lobe 
l e s i on  and s u b j e c t  T a f r o n t a l  lobe l e s i o n .  Many of  the  r i g h t  hemis­
phere p a t i e n t s  who showed c o n s i s t e n t  impairment  o f  f unc t i on  had l e s i on s  
wi t h  p a r i e t a l  involvement .  However,  two of  t h r e e  r i g h t  f r o n t a l  lobe 
GCD p a t i e n t s  showed p r e c i s e l y  t he  same p a t t e r n  as  the  o t h e r  r i g h t  
hemisphere p a t i e n t s .
Al though t h i s  c hap t e r  i s  concerned p r i m a r i l y  wi th  ind i v idua l  
p a t t e r n s  o f  per formance ,  i t  i s  o f  i n t e r e s t  to r e t u r n  b r i e f l y  to  the  
more convent iona l  group a n a l y s i s  method of  e x p l o r i n g  the  ques t i on  of  
l a t e r a l i t y  d i f f e r e n c e s  in d e f i c i t s  a s s o c i a t e d  wi th  copying d i s a b i l i t y .  
F igure  14—3 i l l u s t r a t e s  the magni tude o f  e r r o r s  in the  d i f f e r e n t  l e s i on
F i g u r e  14"3-  (a) P e r c e p t u a l  and c o p y in g  p e r fo rm a n c e
o f  C o n t r o l ( C )  and L e f t ( L )  and R i g h t ( R) 
l e s i o n  g roups  w i t h ( + )  and w i t h o u t ( - )  
Copying d i s a b i 1 i t y .
(b) The r e s u l t s  o f  Duncan com par ison  
between g roups  w i t h  and w i t h o u t  
Copying  d i s a b i l i t y  f o r  each l e s i o n  
s i d e .
( N o te :  A square  r o o t  t r a n s f o r m a t i o n  was a p p l i e d  t o  a l l
raw da ta  b e f o r e  c o n d u c t i n g  Duncan t e s t s .  The 
graphs  a re  a l s o  based on t h i s  t r a n s f o r m e d  d a t a . )
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groups  w i t h  and w i t h o u t  c o p y i n g  d e f i c i t  as w e l l  as f o r  t he  C o n t ro l  
g r o u p .  Duncan c om pa r i s ons  show c o n s i s t e n t l y  p o o r e r  p e r fo rm anc e  by th e  
r i g h t  hem isphere  GCD s u b j e c t s  w i t h  r e s p e c t  t o  t h e i r  r i g h t  hemisphere  
GCD c o u n t e r p a r t s .  There  i s  no such d i f f e r e n c e  between the  l e f t  GCD 
and l e f t  GCD g r o u p s .
Thus,  a c o m p a r i s o n  o f  c o n c l u s i o n s  w h ic h  m ig h t  be d e r i v e d  f rom  
group  r e s u l t s  compared w i t h  th o s e  d e r i v e d  f rom th e  p r o f i l e  r e s u l t s  
i n d i c a t e s  th e  c a r e  w i t h  w h i c h  each s h o u ld  be i n t e r p r e t e d ^ .  From the  
group  r e s u l t s  a lo n e  we wou ld  be tempted  t o  c o n c lu d e  t h a t  r i g h t  bu t  no t  
l e f t  hem isphe re  c o p y i n g  d i s a b i l i t y  is  caused by p e r c e p t u a l  p rob lem s .  
T h i s  was n o t  t h e  i n t e r p r e t a t i o n  reached by c o n s i d e r i n g  th e  p r o f i l e s  
o f  each o f  th e  l e f t  hem isphe re  p a t i e n t s  s e p a r a t e l y .
F u r t h e r m o r e ,  i t  i s  i n t e r e s t i n g  t o  n o te  t h a t  t he  r e s u l t s  f rom  the  
group  a n a l y s i s ,  w h i l e  c o n s i s t e n t  w i t h  the  o f t e n - s t a t e d  h y p o t h e s i s  t h a t  
r i g h t  hem isphe re  c o n s t r u c t i o n a l  a p r a x i c s  b u t  n o t  l e f t  hem isphere 
c o n s t r u c t i o n a l  a p r a x i c s  s u f f e r  f r om  a p e r c e p t u a l  d e f i c i t ,  i s  n e v e r t h e ­
le s s  n o t  c o n s i s t e n t  w i t h  t he  b u l k  o f  e m p i r i c a l  e v id e n c e  on th e  s u b j e c t
The c o r r e c t  i n t e r p r e t a t i o n  o f  an i s o l a ted  poor  p e r c e p t u a l  r a t i n g  is  
u n c l e a r .  T h i s  i s  because a number o f  GCD and C o n t r o l  s u b j e c t s  showed 
a t  l e a s t  one p e r c e p t u a l  t a s k  on w h ic h  th e y  a t t a i n e d  a r a n k i n g  in  the  
" d e f i c i t "  r e g i o n .  T h i s  i l l u s t r a t e s  th e  d i f f i c u l t y  i n h e r e n t  in  i n t e r ­
p r e t i n g  case p r o f i l e s .  W h i l e  t h e  a im i s  t o  i n t e r p r e t  t he  s c a t t e r  o f  
ranks  w i t h i n  a s u b j e c t ,  i t  i s  s t i l l  r e l e v a n t  t o  c o n s i d e r  i f  a s i m i l a r  
p a t t e r n  o r  s u b p a t t e r n  i s  seen in  a s u b j e c t  w i t h o u t  t he  d e f i c i t  under  
c o n s i d e r a t i o n  b e f o r e  a t t r i b u t i n g  p a r t i c u l a r  s i g n i f i c a n c e  t o  a p a t t e r n  
o f  d e v i a n t  s c o r e s  t o  c o p y in g  d e f i c i t .  A t  the  same t im e  th e  p r o f i l e  
r e s u l t s  u n d e r l i n e  t h e  c a r e  w i t h  w h ic h  group  r e s u l t s  must be rega rded .  
C o n s id e r  th e  s i n g l e  and complex  p e r c e p t u a l  p e r fo rm a n c e  by s u b j e c t  M. 
The p e r fo r m a n c e  by t h i s  s u b j e c t  on b o th  o f  t h e s e  t a s k s  was worse than 
th e  w o r s t  C o n t r o l  o r  t h e  w o r s t  GCD s u b j e c t  f r om  e i t h e r  hem isphere .  
Thus ,  d e s p i t e  t h e  g roup  r e s u l t s  t h e r e  i s  a t  l e a s t  one l e f t  hemisphere 
p a t i e n t  who shows a d e f i n i t e  a b n o r m a l i t y  on more than  one p e r c e p t u a l  
t a s k .
T h i s  r e s u l t  i s  c o n s i s t e n t  w i t h  t h e  f i n d i n g s  o f  a r e c e n t l y  p u b l i s h e d  
s tu d y  by Mack and L e v in e  ( 1 9 8 1) ( n o t  a v a i l a b l e  t o  t h e  a u t h o r  a t  the  
t im e  o f  p r e p a r a t i o n  o f  t h i s  t h e s i s ) .  These a u t h o r s  r e p o r t e d  a 
s i g n i f i c a n t  c o r r e l a t i o n  between p e r fo rm a n c e  on a fo rm assembly  t a s k  
and l e n g t h  and a n g le  d i s c r i m i n a t i o n  a b i l i t y  in r i g h t  hem isphere  
p a t i e n t s .  T he re  was no such a s s o c i a t i o n  f o r  l e f t  hem isphere  p a t i e n t s .
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see Chapter  2) .  The p r o f i l e  a n a l y s i s  p rov i des  an i n s i g h t  i n t o  t h i s  
d i s c r e p a n cy .  In the  p r e s e n t  s t udy ,  the  number of  l e f t  hemisphere 
p a t i e n t s  in the sample was very smal l .  There was ev idence  of  some 
p e r ce p t u a l  d e f i c i t  in a l l  s u b j e c t s .  In the group a n a l y s e s ,  these  
" d e f i c i t s "  were d i s t r i b u t e d  a c r o s s  d i f f e r e n t  pe r ce p t ua l  t a sks  wi th 
the  r e s u l t  t h a t  the o v e r a l l  per formance of  the  l e f t  hemisphere GCD 
group was marg i na l l y  worse in a b s o l u t e  terms but  not  s t a t i s t i c a l l y  so.  
With a l a r g e r  sample,  i t  seems r ea sonab l e  to  expec t  t h a t  the  same 
d i s c r ep a n c y  could a t t a i n  s i g n i f i c a n c e  by v i r t u e  o f  the  inc reased  
power o f  t he  s t a t i s t i c a l  a n a l y s i s .  The i nd i v i dua l  p a t t e r n s  would 
thus  be comple te ly  masked.  I t  seems l i k e l y  t h a t  t h i s  proces s  might 
be o c c u r r i n g  in t he  l a rge  group s t u d i e s  r epo r t e d  in the l i t e r a t u r e .
The ev i dence  r epor t ed  by Fag l i on i  and De Renzi (1967) t h a t  pe r cep tua l  
d e f i c i t s  tended to be found in l e f t  hemisphere a p ra x i c  p a t i e n t s  wi th 
v i s u a l - f i e l d  d e f e c t s  but  not  in l e f t  hemisphere a p r a x i c s  wi thou t  
v i s u a l - f i e l d  d e f e c t s  l ends  suppor t  t o  t h i s  s u g ge s t i o n .  Cons ider ing 
t h i s  f i n d i n g ,  and the case  s t u d i e s  and w r i t i n g s  of  Lur ia  ( e . g .  Lur i a ,  
1966; Lur i a ,  1973; Lur ia  & Tsvetkova ,  1964),  t h e r e  seems l i t t l e  doubt 
t h a t  t he  ques t i on  o f  locus  d i f f e r e n c e s  w i t h i n  t he  l e f t  hemisphere 
should be i n v e s t i g a t e d .
14.2 SCATTERGRAM ANALYSIS
The preceding  a n a l y s i s  o f  i nd i v i dua l  t e s t  p r o f i l e s ,  and,  indeed,  
the  e a r l i e r  a na l y se s  o f  group d i f f e r e n c e s  have been concerned p r im a r i l y  
wi th  e s t a b l i s h i n g  the p r esence  or  absence o f  d e f i c i t  on p a r t i c u l a r  
t e s t s .  As an a l t e r n a t i v e  t o  t h i s  c a t e g o r i c a l  approach i t  is  p o s s i b l e  
t o  examine the  r e l a t i o n  between the  degree  o f  d e f i c i t  on d i f f e r e n t  t a s k s .
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Such a q u a n t i t a t i v e  approach i s  d e s i r a b l e  and has the  p o t e n t i a l  to  
o f f e r  a f u l l e r  a c c o u n t  o f  t he  e f f e c t s  o f  l e s i o n s .  The sample s i z e  
a v a i l a b l e  in  th e  p r e s e n t  s t u d y  was i n s u f f i c i e n t  f o r  an a n a l y s i s  o f  
t h i s  t y p e .  However,  i t  w i l l  be i l l u s t r a t e d  f o r  two o f  the  t e s t s  t h a t  
were used ,  namely th e  Complex Copy ing  t e s t  used t o  d e f i n e  the  e x p e r i ­
men ta l  g roups  and th e  Complex P e r c e p t u a l  D i s c r i m i n a t i o n  t a s k .
F i g u r e  14-4 p r e s e n t s  a s c a t t e r g r a m  showing the  r e l a t i o n s h i p  
between s c o re s  on th ese  two t e s t s .  Each s u b j e c t  i s  r e p r e s e n t e d  in  the  
s c a t t e r g r a m .  The a r row s  i n d i c a t e  th e  l e v e l s  e q u i v a l e n t  t o  th e  w o r s t  
C o n t r o l  on th e  two t a s k s  and th us  d e f i n e  th e  “ d e f i c i t "  r e g i o n .
The c o r r e l a t i o n  between the  two v a r i a b l e s  i s  0 .57« I f  t he  f o u r  
l e f t  hem isphere  GCD s u b j e c t s  a re  e l i m i n a t e d  the  c o r r e l a t i o n  i s  0 . 7 2 .
The s t r e n g t h  o f  t h i s  c o r r e l a t i o n  p r o v i d e s  s t r o n g  c o n f i r m a t i o n  o f  
th e  c o n t e n t i o n  t h a t  p e r c e p t u a l  a b i l i t i e s  a re  an i m p o r t a n t  d e t e r m i n a n t  
o f  c o p y in g  a b i l i t y .  The s c a t t e r g r a m  shows t h a t  o v e r  the  who le  sample 
( C o n t r o l ,  GCD and GCD s u b j e c t s )  i t  i s  p o s s i b l e  t o  p r e d i c t  32% o f  the  
v a r i a n c e  o f  Complex Copying sc o res  f r om  th e  Complex D i s c r i m i n a t i o n  s c o r e s .
The u s e f u l n e s s  o f  such da ta  i s  t h a t  i t  e n a b le s  a p r e d i c t i o n  o f  
t he  ( e x p e c te d )  c o p y in g  s c o re  f rom  t h e  p e r c e p t u a l  d i s c r i m i n a t i o n  s c o r e ,  
and such i n f o r m a t i o n  c o u ld  be used t o  i d e n t i f y  i n d i v i d u a l s  whose 
c o p y in g  p e r fo rm anc e  i s  d i s p r o p o r t i o n a t e  t o  t h e i r  p e r c e p t u a l  p e r fo rm a n c e .  
The sample s i z e  a v a i l a b l e  in  th e  p r e s e n t  s t u d y  i s  i n s u f f i c i e n t  to  
e n a b le  t h i s  t o  be done f o r m a l l y ,  o r  w i t h  h ig h  r e l i a b i l i t y .  However , i t  
n e v e r t h e l e s s  i s  i n t e r e s t i n g  t o  n o te  t h a t  t he  c o p y in g  pe r fo rm a n c e  o f  a t  
l e a s t  t h r e e  s u b j e c t s  ( i d e n t i f i e d  by a s t e r i s k s )  in  F i g u r e  14-4 appears 
t o  be m a rk e d ly  worse  than m ig h t  be e x p e c te d  f r om  t h e i r  p e r c e p t u a l  
p e r fo r m a n c e .  S i g n i f i c a n t l y ,  t h i s  g roup  c om pr i s es  t h r e e  o u t  o f  the 
f o u r  members o f  t h e  GCD group  w i t h  l e f t  hem isphe re  l e s i o n s .
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The p o t e n t i a l  value  of  t h i s  approach i s  i l l u s t r a t e d  by the case 
of  s u b j e c t  M. In the p r o f i l e  a n a l y s i s  p r e sen t e d  in the preceding 
s e c t i o n ,  t h i s  person was d i s c u s s e d  as  a l e f t  hemisphere p a t i e n t  who 
showed pe rcep tua l  d e f i c i t s .  However,  no o t h e r  i n format ion  on h i s  cog­
n i t i v e  s t a t u s  was a v a i l a b l e ,  s i n c e  he was dys phas i c .  The s c a t t e r g r a m 
conf i rms t h a t  t h i s  s ub j e c t  has a pe r ce p t ua l  d e f i c i t  ( i . e .  h i s  perceptua l  
s co re  is worse than the wors t  c o n t ro l  score)  but  sugges t s  t h a t  h i s  
copying d e f i c i t  was d i s p r o p o r t i o n a t e l y  g r e a t e r  than t h i s  perceptua l  
d e f i c i t .  This  enabl es  us t o  conclude ( t e n t a t i v e l y )  t h a t  he had a d d i t i o n ­
al problems of  a non-complex-perceptua l  na t u r e  in c a r r y i n g  out  the 
copying t a s k .
This  p a r t i c u l a r  case  r a i s e s  some i n t e r e s t i n g  p o s s i b i l i t i e s .
Subjec t  M was a l e f t  hemisphere p a t i e n t .  Most o f  the  l i t e r a t u r e  has 
r epo r t e d  t h a t  l e f t  hemisphere p a t i e n t s  wi th c o n s t r u c t i o n a l  ap rax i a  show 
a pe r ce p t ua l  d e f i c i t  as do r i g h t  hemisphere p a t i e n t s ,  but  t h a t  l e f t  
and r i g h t  hemisphere p a t i e n t s  produce q u a l i t a t i v e l y  d i f f e r e n t  cop i es .
Thi s  could be exp l a i ned  by supposing t h a t ,  l i ke  s u b j e c t  M, they have 
some o t h e r  d e f i c i t  in a d d i t i o n  to t h e i r  pe r ce p t ua l  problem.  This 
a d d i t i o n a l  d e f i c i t  could account  f o r  t he se  q u a l i t a t i v e  d i f f e r e n c e s  in 
c o py i ng .
In f a c t ,  t he  p r o f i l e  a n a l y s i s  in the  p r eced ing  s e c t i on  has 
sugges ted  t h a t  most (not  j u s t  the  l e f t  hemisphere p a t i e n t s )  s u f f e r  
from d e f i c i t s  in a d d i t i o n  to  pe r ce p t ua l  problems.  Thi s  is  not  incon­
s i s t e n t  wi th  the s c a t t e r g r a m .  Presumably,  the  s c a t t e r  about  the 
( impl ied)  r e g r e s s i o n  l i ne  in Figure  14-4 can be a t t r i b u t e d  to  t hese  
non-pe rcep t ua l  problems.  In a d d i t i o n ,  some o f  the  v a r i a n c e  in copying 
is  presumably accounted fo r  by common pe r ce p t ua l  and c o g n i t i v e  va r i a nce  
( i . e .  t hose  s ub j e c t s  wi th  a pe r cep tua l  d e f i c i t  a l s o  have a c o g n i t i v e
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d e f i c i t ) .  Thus i t  i s  l i k e l y  t h a t  th e  d i f f e r e n c e s  due t o  s i d e  o f  
l e s i o n  would  be r e l a t i v e  r a t h e r  than a b s o l u t e .  The r e l a t i v e  c o n t r i ­
b u t i o n  o f  p e r c e p t u a l  and o t h e r  f a c t o r s  f o r  th e  t h r e e  l e f t  hemisphere 
s u b j e c t s  who l i e  o f f  t h e  r e g r e s s i o n  l i n e  are  q u i t e  d i f f e r e n t  f rom 
t h a t  f o r  th e  re m a in in g  s u b j e c t s .
I t  may be t h a t  a l l  s u b j e c t s  were  im p a i r e d  on p l a n n i n g  and 
c o g n i t i v e  t a s k s ,  b u t  t h a t  t he  r e l a t i v e  c o n t r i b u t i o n s  o f  each t o  the  
c o p y in g  d i s o r d e r  was d i f f e r e n t  depend ing  upon the  hemisphere o r  locus  
o f  t h e  l e s i o n .
Of c o u r s e ,  t h i s  examp le i s  i l l u s t r a t i v e  o n l y  and is  c o m p l i c a t e d  
by a number o f  i s s u e s .  A f u l l  a n a l y s i s  o f  r e l a t i o n s h i p s  between a l l  
v a r i a b l e s  ca nno t  be a t t e m p t e d  h e r e .  However ,  t h e  example does sugges t  
a d i r e c t i o n  in w h i c h  f u r t h e r  r e s e a r c h  c o u ld  be d i r e c t e d ,  p o s s i b l y  
e m p l o / i n g  m u l t i v a r i a t e  t e c h n i q u e s  o f  a n a l y s i s .
1 4 . 3  C O N C L U S I O N S
Copying d i s a b i l i t y  i s  a lm o s t  i n v a r i a b l y  accompanied by bo th  
p e r c e p t u a l  and c o g n i t i v e  p r o b le m s .  Only  one GCD s u b j e c t  showed good 
p l a n n i n g  and c o g n i t i v e  a b i l i t y  w h i l e  no s u b j e c t  showed u n i f o r m l y  
adequa te  p e r c e p t u a l  a b i l i t y .  However ,  i t  i s  p o s s i b l e  t h a t  t he  r e l a t i v e  
c o n t r i b u t i o n s  o f  d i f f e r e n t  p e r c e p t u a l  and c o g n i t i v e  d i s o r d e r s  t o  the  
c o p y in g  prob lem v a r i e s  between s u b j e c t s .  In p a r t i c u l a r ,  t h e  r e l a t i v e  
c o n t r i b u t i o n  o f  p e r c e p t u a l  f a c t o r s  t o  l e f t - h e m i s p h e r e  p rob lem s  may 
be le s s  than f o r  r i g h t - h e m i s p h e r e  p a t i e n t s .  In a d d i t i o n ,  t h e  r e l a t i v e  
c o n t r i b u t i o n  o f  d i f f e r e n t  t y p e s  o f  p e r c e p t u a l  d i f f i c u l t y  may v a r y  
w i t h i n  t h e  l e f t  hem isphere  g r o u p .  Thus i t  i s  p o s s i b l e  t h a t  t h e r e  may 
be a v a r i e t y  o f  t y p e s  o f  c o p y in g  d i s o r d e r s .  The p r e s e n t  r e s u l t s  do
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not  enable  an a n a l y s i s  of  locus  e f f e c t s ,  but  the l i t e r a t u r e  would 
sugges t  t h a t  t h i s  might  be an impor t an t  f a c t o r  in i n v e s t i g a t i n g  types  
of  copying problems.
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CHAPTER 15
SUMMARY AND C O N C L U S IO N S
The a b i l i t y  t o  copy l i n e  d r a w in g s  i n v o l v e s  a v a r i e t y  o f  p e r c e p t u a l ,  
c o g n i t i v e  and m oto r  p r o c e s s e s .  Im pa i rm en t  in  any one o f  th ese  m ig h t  
lead t o  a c o p y in g  d i s o r d e r .  T h i s  s t u d y  has a t t e m p t e d  t o  i d e n t i f y  
w h ic h  d e f i c i e n c i e s  do in  f a c t  u n d e r l y  c o p y in g  d i s a b i l i t y .
The f i r s t  q u e s t i o n  t h a t  m ig h t  be asked ,  i s  w h e t h e r  t he  copy ing  
d i s a b i l i t y  stems f rom an u n d e r l y i n g  p e r c e p t u a l  d i s o r d e r .  Is th e  
i n a b i l i t y  t o  rep roduce  a model a c c u r a t e l y  due t o  a f a i l u r e  t o  p e r c e i v e  
i t  c o r r e c t l y  ( o r ,  a t  l e a s t ,  t o  p e r c e i v e  i t  in  a manner a p p r o p r i a t e  to  
t he  c o p y in g  t a s k ) ,  o r  i s  i t  due t o  an i n a b i l i t y  t o  p la n  a n d / o r  ex ec u te  
t h e  r e q u i r e d  a c t i o n  sequences? The s t u d y  r e p o r t e d  in  C hap te r  5 c l e a r l y  
d e m o n s t ra te d  t h a t  p a t i e n t s  w i t h  c o p y in g  d i s a b i l i t y  do indeed  have a 
p e r c e p t u a l  p rob lem .  More s p e c i f i c a l l y ,  t h e  s u b j e c t s  in  t he  GCD group 
showed a d e f e c t  in  d i s c r i m i n a t i n g  between complex  m u l t i p i e - 1 ine f i g u r e s  
w h ic h  were s i m i l a r  t o  th o s e  used in  t he  Copying t e s t .  T h i s  d i s c r i m i n a ­
t i o n  p rob lem  was n o t  c o n f i n e d  t o  p a r t i c u l a r  a t t r i b u t e s  o f  t he  f i g u r e s  
b u t  was m a n i f e s t e d  o v e r  a v a r i e t y  o f  l o c a l  and g l o b a l  a t t r i b u t e s .
None o f  th ese  p rob lems were e v i d e n t  in n e u r o l o g i c a l  p a t i e n t s  w i t h o u t  
c o p y in g  d i s a b i 1 i t y .
The prob lems e x p e r i e n c e d  by c o p y i n g  d e f i c i t  p a t i e n t s  in  p e r c e i v i n g  
changes in  complex f i g u r e s  c o u ld  have s e v e r a l  e x p l a n a t i o n s .  I t  i s  
p o s s i b l e  t h a t  th e  d i f f i c u l t y  i s  s i m p l y  due t o  a d i s o r d e r  in  p e r c e i v i n g  
th e  a t t r i b u t e s  o f  t h e  e le m e n ts  t h a t  c o m p r i s e  t h e s e  f i g u r e s .  On the
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o t h e r  hand,  the  el ements  may be p roces sed  c o r r e c t l y  but  a problem may 
a r i s e  in pe r ce i v i ng  t h e i r  o r g a n i z a t i o n .  In f a c t ,  t he  s tudy r epor t ed  
in Chapter  6 c l e a r l y  demons t r a ted  t h a t  GCD p a t i e n t s  have problems in 
d i s c r i m i n a t i n g  changes in s p a t i a l  a t t r i b u t e s  of  s i n g l e - e l e m e n t  f i g u r e s .  
Again,  t h i s  d i f f i c u l t y  was ma n i f e s t ed  over  a wide range o f  a t t r i b u t e s .  
While t he  GCD s ub j e c t s  showed d e f i n i t e  a b n o r m a l i t i e s  in p r oces s ing  
s i n g l e  a t t r i b u t e s ,  they showed even more marked d i f f i c u l t y  in p e r ­
forming a t ask  t h a t  involved a s s e s s i n g  a s imple r e l a t i o n s h i p  ( r e l a t i v e  
magni tude)  between two e l ement s  (Chapter  7)*
The f a c t  t h a t  the GCD p a t i e n t s  e x h i b i t  d i f f i c u l t i e s  in d i s c r i m i n ­
a t i n g  changes in s imple a t t r i b u t e s  does not  r u l e  out  the  p o s s i b i l i t y  
t h a t  a d d i t i o n a l ,  h i g h e r - l e v e l  pe r c e p t ua l  problems c o n t r i b u t e  to the 
complex copying d e f e c t .  A v a r i e t y  of  h i g h e r - l e v e l  pe r ce p t ua l  s k i l l s  
a r e  r equ i r e d  to  copy a complex f i g u r e .  These i nc lude  the  a b i l i t y  to 
a na l yse  i t  in to component e l emen t s ,  the  a b i l i t y  to scan the  f i g u r e  
s y s t e m a t i c a l l y  and e x h a u s t i v e l y ,  and the  a b i l i t y  to i d e n t i f y  c o r r e s ­
ponding elements  in the model and copy.  Each of  t he se  a b i l i t i e s  was 
examined wi th a p p r o p r i a t e l y  des igned  t e s t s .  I t  was found t h a t  GCD 
p a t i e n t s  showed no abnorma l i t y  in o r ga n i z i n g  f i g u r e s  i n t o  component 
p a r t s  (Chapter  11) and t h a t  having ana l ysed  the  f i g u r e  i n t o  components 
they were ab l e  to  i d e n t i f y  co r r e spond i ng  p a r t s  of  two f i g u r e s  (Chapter  
9 ) .  Fur thermore ,  the  scanning s t r a t e g i e s  adopted by the  GCD group did 
not  d i f f e r  from those  of  t h e  non -cop y i n g - d i sa b l e d  s u b j e c t s  (Chapter  9 ) .  
However,  the GCD group did f a i l  to  p roces s  f i g u r e s  e x h a u s t i v e l y .  This 
f a i l u r e  was i n t e r p r e t e d  as an a t t e n t i o n a l  d e f e c t .  However,  i t  did not  
appear  t o  be exp l a ined  in any s imple way by u n i l a t e r a l  i n a t t e n t i o n  
(Chapter  9 ) .
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The o m is s io n  o f  e lem en ts  in  s c a n n in g  an a r r a y  s ugges ts  t h a t  th e  
GCD group s u f f e r e d  f rom a d i s t u r b a n c e  in  d i s t r i b u t i n g  a t t e n t i o n  
s p a t i a l l y .  The e v id e n c e  r e p o r t e d  in  C hap te r  8 sugges ts  a l s o  t h a t  these  
p a t i e n t s  s u f f e r e d  f rom o t h e r  p rob lem s  in  d i s t r i b u t i n g  a t t e n t i o n .  When 
GCD s u b j e c t s  were r e q u i r e d  t o  p ro c e s s  s e v e r a l  a t t r i b u t e s  o f  a s i n g l e  
fo rm  ( e . g .  c o l o u r ,  shape e t c . ) ,  t h e y  n e g l e c t e d  a t  l e a s t  one o f  the 
m u l t i p l y - p r e s e n t e d  a t t r i b u t e s ,  a l t h o u g h  each c o u ld  be p rocessed  s i n g l y .
No such d i f f i c u l t y  was obse rved  in  s u b j e c t s  f rom  o t h e r  g r o u p s .  The 
f a c t  t h a t  t h e  GCD group s u f f e r e d  f r om  two d i f f e r e n t  fo rms o f  a t t e n t i o n  
d i f f i c u l t y  r a i s e s  the  q u e s t i o n  o f  w h e t h e r  th ey  were s u f f e r i n g  f rom a 
g e n e r a l i z e d  im pa i rm en t  o f  a t t e n t i o n .  The f i n d i n g  t h a t  s u b j e c t s  w i t h i n  
t h e  GCD group  showed more v a r i a b l e  r e a c t i o n  t im e  than  d i d  s u b j e c t s  
f r om  o t h e r  groups  (C h a p te r  13) le nds  s u p p o r t  t o  t h i s  h y p o t h e s i s .
W h i l e  p e r c e p t u a l  and a t t e n t i o n a l  d e f i c i t s  appear  t o  p l a y  a r o l e  
in  t h e  c o p y in g  d i s a b i l i t y ,  i t  i s  s t i l l  p o s s i b l e  t h a t  th e  GCD group 
s u f f e r e d  s p e c i a l  d e f e c t s  o f  e x e c u t i o n  t h a t  c o u ld  n o t  be e x p l a i n e d  by 
t h e i r  o t h e r  d i f f i c u l t i e s .  In o r d e r  t o  i n v e s t i g a t e  t h i s  p o s s i b i l i t y ,  
a c o p y in g  t a s k ,  e q u i v a l e n t  t o  the  a t t r i b u t e  p e r c e p t i o n  t a s k  was em­
p loy ed  (C h a p te r  6 ) .  By q u a n t i f y i n g  and com par ing  e r r o r  f o r  t he  p e r ­
c e p t u a l  and c o p y in g  forms o f  t h e  t a s k s ,  i t  was p o s s i b l e  t o  e s t a b l i s h  
t h e  e x t e n t  to  w h ic h  any c o p y in g  e r r o r  c o u ld  be e x p l a i n e d  by th e  p e r ­
c e p t u a l  d e f i c i t .  I t  was found  t h a t  t h e  GCD group  were im p a i r e d  on 
b o th  forms o f  t he  t a s k ,  b u t  t h e r e  was no e v id e n c e  t o  sugges t  t h a t  th e  
GCD group was s u f f e r i n g  f r om  a m o to r  d e f i c i t  t h a t  c o u ld  n o t  be e x p l a i n e d  
by a p e r c e p t u a l  p ro b le m .  An a n a l y s i s  o f  d i r e c t i o n a l  and t i m i n g  c h a r a c ­
t e r i s t i c s  in  t he  p r o d u c t i o n  o f  s i n g l e  l i n e s  (C hap te rs  11 and 12) p r o ­
v id e d  c o r r o b o r a t i v e  e v id e n c e  t h a t  t h e r e  was no d i s o r d e r  in  th e  e le m e n ta r y  
m o to r  components o f  c o p y i n g .
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While these  e l ementary  components were i n t a c t  in the  GCD s u b j e c t s ,  
t h e r e  could s t i l l  have been a d i s o r d e r  in the  exec u t i on  of  more complex 
a c t i o n s  involving the sequencing o f  s eve r a l  e l ement a ry  a c t i o n s .  How­
e v e r ,  the t e s t  of  p r ax i s  (Chapter  13) did not  r evea l  any ev i dence  t h a t  
t h i s  was the  case .  S i m i l a r l y ,  t iming i nd i ce s  f o r  the  exec u t i on  of  
m u l t i p l e - l i n e  f i g u r e s  were s i m i l a r  f o r  the  GCD and GCD groups (Chapter  
12) as  was the  general  sequence o f  s t r o k e s  in copying m u l t i p l e - l i n e  
and m u l t i p l e - f i g u r e  des igns  (Chapter  11).  This  impl ied t h a t  the 
copying d i s a b i l i t y  was not  due to  an impairment  in fo rmul a t i ng  general  
s t r a t e g i e s  for  sequencing a c t i o n s .
The f a c t  t h a t  the  GCD group appeared to copy f i g u r e s  in the same 
manner as the GCD group might sugges t  t h a t  the former does not  s u f f e r  
a d e f e c t  of  p l anning .  However,  t h e r e  may have been problems of  
h i g h e r - l e v e l  planning and c o g n i t i v e  a b i l i t y  t h a t  were not  e v i de n t  in 
t he se  g ros s  p r o p e r t i e s  of  behav i our .  In suppor t  of  t h i s  the  GCD group 
did perform more poor ly  than the  GCD group on a verba l  t e s t  of  planning 
(Chapter  10).  In a d d i t i o n ,  t h e r e  was some s ugges t i on  o f  poorer  cog­
n i t i v e  a b i l i t y  on the  p a r t  o f  the  GCD group a l t hough  t h i s  d i f f e r e n c e  
may have been due to  e d u ca t i ona l  d i f f e r e n c e s  between the  groups 
(Chapter  13)•
Having found t h a t  the GCD group might  be c o g n i t i v e l y  impai red,  the 
que s t i on  a r i s e s  as  to whether  the  GCD group s imply s u f f e r  from a gene r ­
a l i z e d  impairment o f  a l l  f u n c t i o n s .  In f a c t ,  a v a r i e t y  of  f u n c t i o n s  
were i n t a c t  for  t h e s e  p a t i e n t s .  This  was demons t ra ted  both by the 
r e s u l t s  summarized above and by t he  GCD group per formance on the  neuro­
psychologica l  b a t t e r y  (Chapter  13)«
These f i n d i n g s ,  based upon the  o v e r a l l  per formance of  the  GCD group,  
a l low us to c o n s t r u c t  a p i c t u r e  o f  t he  " t y p i c a l "  GCD s u b j e c t .  He does
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n o t  show m o t o r - e x e c u t i o n  p rob lems ( t h a t  c anno t  be e x p l a i n e d  by a 
d i f f i c u l t y  in  p e r c e p t u a l  p r o c e s s i n g ) .  He can a n a l y s e  a f i g u r e  i n t o  
i t s  component p a r t s  and he can i d e n t i f y  c o r r e s p o n d i n g  p a r t s  o f  two 
f i g u r e s .  F u r t h e r m o r e ,  he i s  q u i t e  s y s t e m a t i c  in  t he  scann ing  and 
p r o d u c t i o n  o f  f i g u r e s ,  s u g g e s t i n g  t h a t  h i s  d i f f i c u l t i e s  do n o t  a r i s e  
a t  t h e  l e v e l  o f  g e n e r a l  s t r a t e g y  f o r m u l a t i o n .  However ,  he does e x p e r i ­
ence d i f f i c u l t y  in  making p e r c e p t u a l  d i s c r i m i n a t i o n s .  Even the  s i m p l e s t  
p e r c e p t u a l  f u n c t i o n s  ( e . g .  s i z e  d i s c r i m i n a t i o n )  appear  t o  be a f f e c t e d ,  
a l t h o u g h ,  he i s  even more a f f e c t e d  in  a t a s k  w h ic h  i n v o l v e s  a r e l a t i v e  
j u d g m e n t .  In a d d i t i o n  t o  a d i s t u r b a n c e  in  th e s e  f u n c t i o n s ,  he has
d i f f i c u l t y  in d i r e c t i n g  h i s  a t t e n t i o n  t o  each o f  s e v e r a l  a t t r i b u t e s  o f
an o b j e c t  and a l s o  in  d i s t r i b u t i n g  h i s  a t t e n t i o n  t o  each o f  a number 
o f  s p a t i a l l y  s e p a r a t e  o b j e c t s .  He a l s o  e x p e r i e n c e s  d i f f i c u l t y  in 
seq u e n c in g  i n s t r u c t i o n s  t o  p roduce  a g o a l .  In a d d i t i o n  t o  these  d i s ­
o r d e r s ,  th e  GCD p a t i e n t  may s u f f e r  f rom a number o f  o t h e * p rob lem s .
However ,  such d i s o r d e r s  a re  a p p a r e n t l y  u n r e l a t e d  t o  h i s  c o p y in g  d i s ­
a b i l i t y  and can be found  in b ra in -dam ag ed  p a t i e n t s  w i t h o u t  copy ing  
prob  1ems.
A n a l y s i s  o f  i n d i v i d u a l  pe r fo rm a n c e s  s u g g e s ts  t h a t  t h e r e  were 
v a r i a n t s  upon t h i s  g e n e ra l  p i c t u r e .  For  exam p le ,  some c o p y in g  d i s a b l e d  
p a t i e n t s  d i d  n o t  show a c o n s i s t e n t  d e f i c i t  on th e  p e r c e p t u a l  t a s k s .
The m a j o r i t y  o f  t h e s e  i n d i v i d u a l s  were l e f t  hem isphere  p a t i e n t s  (C hap te r  
1 4 ) .  The need t o  i n v e s t i g a t e  t h e  r e l a t i o n s h i p  between the  n a t u r e  o f  t he  
c o p y in g  im p a i rm e n t  and l o c a l i z a t i o n  o f  t h e  l e s i o n  i s  c l e a r .  However , 
a sample l a r g e r  th an  t h a t  a v a i l a b l e  f o r  the  p r e s e n t  s tu d y  wou ld  be 
r e q u i r e d  b e f o r e  a d e f i n i t i v e  s t a t e m e n t  c o u ld  be made. Such a s tudy  
s h o u ld  n o t  be c o n f i n e d  t o  an e x a m i n a t i o n  o f  l a t e r a l i t y  e f f e c t s  b u t  
s h o u ld  a l s o  t a k e  i n t o  a c c o u n t  t h e  i n t r a h e m i s p h e r i c  lo c u s  o f  the  l e s i o n
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and the p o s s i b i l i t y  o f  an i n t e r a c t i o n  between the  i n t r a h e mi sp h e r i c  
locus  and s i de  o f  the l e s i o n .  I t  would be o f  i n t e r e s t  to determine 
(1) i f  pe r cep t ua l  problems occur  more o f t e n  a f t e r  r i g h t  than l e f t  
hemisphere l e s i o n s ,  (2) i f  they occur  e q u a l l y  o f t e n  in f r o n t a l  and 
p a r i e t a l  p a t i e n t s ,  (3) whether  the  range of  pe r ce p t ua l  problems is 
the same f o r  each locus of  l e s i on  and (4) whether  the r e l a t i v e  c o n t r i b u ­
t i o n  made to  the copying d i s o r d e r  by d i f f e r e n t  pe r ce p t ua l  and 
non-pe rcep t ua l  problems i s  the  same f o r  d i f f e r e n t  l o c i i .
T r a d i t i o n a l l y ,  s i n g l e  s t u d i e s  o f  copying d i s a b i l i t y ,  and indeed 
o f  many o t h e r  neu r o l o g i ca l  problems,  have been conf ined  to the  a p p l i c a ­
t i o n  of  one,  o r  a l i mi t ed  number,  of  s t a n d a r d i z e d  t e s t s .  By c o n t r a s t ,  
t he  p r e s e n t  i n v e s t i g a t i o n  has a t t empt ed  to  measure per formance on a 
s u b s t a n t i a l  sample of  the  s k i l l s  involved in copying.  I t  was designed 
to  de t e rmine  which s p e c i f i c  d i s a b i l i t i e s  a r e  the  cause o f  t he  copying 
d i f f i c u l t y .  The f o l l owi ng  example i l l u s t r a t e s  the  advantage of  t h i s  
approach and h i g h l i g h t s  t h e  problems i n h e re n t  in the  t r a d i t i o n a l  s i n g l e  
t e s t  approach to  s tudy i ng  copying d i s a b i l i t y .  Fagl ioni  and de Renzi 
(1967) showed t h a t  t h e i r  c o n s t r u c t i o n a l  a p r a x i c s  were unable to match 
a scrawl wi th  i t s  i nve r t ed  p a r t n e r  when the  l a t t e r  was embedded in 
an a r r a y  o f  e i g h t  s c r awl s .  The a u t h o r s  concluded t h a t  the s ub j e c t s  
s u f f e r e d  from a d i f f i c u l t y  in t h i s  kind of  p e r ce p t ua l  p r oc e s s i n g .  Had 
the  au t ho r s  adopted the  approach o f  t he  p r e s e n t  s tudy  they might  well  
have found,  as was d i s covered  h e r e ,  t h a t  cop y i ng - d i s a b l e d  s u b j e c t s  a r e  
i n f e r i o r  in p r oces s i ng  m u l t i p l e - e l e me n t  a r r a y s  even when they can 
pe r ce i v e  t he  e l ements  in t he  a r r a y  q u i t e  a d e q u a t e l y .
In c o n c l u s i o n ,  t h i s  s tudy  can be viewed as e x p l o r a t o r y  on ly .  I t  
poses  many more q u e s t i o n s  than i t  answers ,  and the  answers t h a t  i t  
s u p p l i e s  should be regarded as p r o v i s i o n a l ,  given the  small  sample
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a v a i l a b l e .  However,  th e  s t u d y  does r e p r e s e n t  th e  f i r s t  a t t e m p t  t o  
a n a l y s e  t h e  s t r u c t u r e  o f  c o p y in g  d i s a b i l i t y  in  d e t a i l .  I t s  v a l u e  may 
l i e  n o t  so much in  t he  d a ta  o b t a i n e d  o r  t h e  answers s u p p l i e d ,  b u t ,  
r a t h e r ,  in  th e  i l l u s t r a t i o n  o f  a method w h ic h  m ig h t  be p r o f i t a b l y  
employed in  f u t u r e  i n v e s t i g a t i o n s .
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